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Control equipped witn the appropriate matrix transparency
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the Study Guide, in conjunction with the Worksheets that ap-
pear in the blue appendix section ot the end of the book.
Many of -the lesson Study Gulides also call for viewing a single
concept film at an indicated place in the work, These fillms:
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Energy 1s a familiar word. You say it or think about it often in your
everyday life. After a tingling shower in the morning, you may feel fit
and ftull of energy, ready for the tasks of the day. As the hours pass and
you perform the jobs you must do to further your education or help you make
a living, you gradually beccme tired. By the time dinner is through, you
may say that you have little energy left. A good night's sleep, a nourishing
breakfasti, and you're prepared to repeat the performance of the previous
day, your energy having been restored. In many ways, this common use of
the energy idea is ciosely related to the scientist’s definition of it, but
it is a little too louse for the physicist's needs.

. Speaking of everyday things that tie in with the concept .af energy, we
might mention fuels as having a strong connection with energy. The food .

you eat is the fuel that supplies your muscular erergy; the gascline in your
automobile provides the energy it needs to climb a hiil or to keep moving
against the interminable retardation of friction and air resistance; rhe coal,

oil, or wood in the engine supplies the energy needed to rum a train, plow

a field, or lift the girders used in building a skyscraper. The energy of

the sun, stored in growing things and waterfaiis, is the result of the '

consumption of atomic "fuel.”

Please go on Lo page 2.
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Energy, regardless cf its scuxce or kind, is almost always involved
in dcing & job. Liftiug & hammer, speeding up & train, running a lawn-
mower, and just walking sbeout are jobs rthat use fuel. Such fuel-using jcbs

- ¢an be done because of energy that is converted from one form fo another.

We starr with an energy-source and then, by rransfeiring this énergy from
one form to another, we make it suitable for the task at hand. We know of
no methed or technigue whereby energy can be created cut of nothing; we
can change it, move it asbout from cne place to another, and design new

and better devices te use it, but we cannct make 1it.

Rather than try to define enevgy prematurely, let us skate—in detail

" why we believe that energy is involved in the tuel-~using jobs described
- gbove. We kncw, first of all, that sn unbalanced icrce must be acting when

we lift a hammer,whow & lawn, or climb & tyree; then, as a result of the
unbalanced force, something moves. So we can start by saying that energy
is invoived if an unbalanced force cayses motion, oY produces <ertazin types
of changes in motion. This will have ro do for the moment; but be assured
that we shall noet stop with this hazy description of enevgy.

o~

Please go on te¢ page 3.



' When forces are exerted and things move, energy is converted from
one form te another cor transferred from one object to another. When such
conversions or transfers occur, we say that work has been done. So you
see, the concept of work is inextricably interwoven with the conrcept of
energy; you can hardly speak of one of them .without bringing the other into
the discussion. In a sense, work is the measure of the job dome. For
- instance, if a derrick l1lifcs one car it has done a certain amount of work;
if it then lifts a second, idéntical car to the same height as the first, the
total job (or work done) is twice that invoived in 1Iifting the first car
alone. In another sense, work is the measure of the fuel used to do a job.
Clearly, the fuel needed to lift two cars to a given height is twice that
required to lift one of them if both cars are identical. The two ideazs are
quite the same, both of them implying that work is a measure of the energy
converted or transferred.

. Many of our questions could be answered if we could find & combination
of force and motion that would serve as a measure of energy transfer. Our
objective, then, is to find some such combinztion which is proportional to
the fuel used and to the total size of the job done. This combination of
force and wstion could then represent work; so, for our present purposes,
any quantity we call "work' must be proportional to the magnitude of the
task accomplished, or to the fuel used to accomplish it,

Please go on to page 4.
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To help us arrive atv 2 definition of work which mzets the requirements
outlined in the introducticn to this lesscn; we shall anaiyze the factors
that go inte the performance of a specific job such as that piletured in o
Figure 1. : ¢ A '

Figure 1

* A number of crates, each having exactly the came waight, are to be
hoisted to the deck of a freighter standing in a harbc.. The job 1s to be
done by a gasoline-drive crane on the dozk. What we want to know is this:
What governs the amount of fuel (gascline?} used in accomplishing this job?

Well, consider the weight of the wrates firsc. To 1lift a single
crate, the crane must exert enocugh forte on it vo overcome the pull of gravity
and start the crate moving away from the ground. Suppose that a single
crate is so heavy that the c¢rane can 1ift culy one at a time. If cthe foreman
on"the job wanted to speed up the work znd ioad two at a time, he might biing
a second crane to the dock so that both csuld work simultanecusly. Then, in’
this case as the c¢rates went up, the total force would be twice that exerted
by ‘a single crane but the fuel used would also be twice than of a single crane.
Evidently, the fuel consumption is proportional to the force applied by the
machine. But, as you read in the introducticn, work is to be measured in
terms of the fuel used to accompiish s job., 8¢, tentatively at least, what
might we conclude?" :

(1)
A The work done is inversely proportionzl to the force.

B The work done is directly proportional to the force.



YOUR ANSWER --- B

Just how did you reach this conclusion? Since 288 is just 2/3 of 432,
it may be that you thought of t = 3.00 sec as representing the beginning of
the third second. Thus, you may have thought that the K.E. remaining in the
ball is 2/3 of the original before free-fall began. This is incorrect.

Properly, t = O marks the instant you start your stop-watch, ¢ = 1 is
one second later, t = 2 ig after a lapse of two secords, and t = 3 marks
the passing of three seconds. - '

Il

Do ygu remember the total time for the fall?’

Where will the ball be after it has heen falling for three seconds?
When the ball reaches the ground, #1i of the original P.E. becomes K.E,

Please return to page 76. Pick a better answer this time.




YOUR ANSWER --- B

Very good. If our definitiomn of work as a measure cf energy transfer
is to be of ary walue, rhen we must agvee that force Fp dees no work at all,
No fuel is used to produce Fr, no energy 1is consumed, hence ne work is done.

We can improve cur description of the meaning of 'work" now. Work
is the prcduct of an wnbalanced foree and the distance moved in the direction
of the forece.” “This cculd suffice as a definiticn of work for most situations;
bur for vaiversal applic:;cicm9 ir syiil needs some improvement. Look at
the force in Figurse 4.

v

‘Figure 4

This force (F) actts &t an angle 9 to the horizontal, but the block
moves horizontally along the rable. According to the above definition, the
block does not move in the direction of the force. 1f you adhere strictly
to the definition, you must conclude that force F does no work at all. But
you KNOW that energy must be expended in moving the block horizontally
against friction; hence work has to be asccomplished. How do we resolve this
dilemma?

Think back to resoliution of vectors. Force F may be considered to
be made up of two parts: a horizontal component and a component.
What's the missing word? Turn te page 75 ro check.



YOUR ANSWER --- A

The mathematical statement of the Second Law does NOT state that
= a\/mo -Perhaps you need to review your nutes, although you should remember
that acceleration is directly proportional to unbalanced force and inversely
proportional to the mass of the body being accelerated.

Please return to page 91 and make a better selection,




YOUR ANSWER -~- 4

One of the answers definitely does express the meaning of ad
properly. '

Fleasé return

1 tc page 88 and see if you can decide which of the given
answers does this,

o
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YOUR ANSWER ~—— B
Not quite,

The substitution yields this first result:

2
W=mx %E x d

7

a

But when this is simplified, you don't get the answer you chose.

, So, return to page 82, please and select a better answer.




YOUR ANSWER --- C

This is incorrect on two counts.

..

Firsc, if the watt is a unit c¢f power, the watt~second cannot possibly
measure power, whichk is the rate of doing work,

Second, iif the watt-second were truly a unit of power, it could not
be the same as ajoule, since the latter is a unit of work or energy!

Come now. If you will bear in mind that a watt and z joule per

second sre identical units, you should have 1o difficulty in choosing the
right. answer. : o e

Please return to page 140 and t¢y once more.
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YOUR ANSWER ——— A
This doesn't follow from our reasoning.

Every drop of gasoline used by the crane engine can rotate the cable
drum just so much. To lift a crate twice the distance, the drum would have
to complete twice as many revolutions. If each drop of gasoline can account
for just so many turns, you can't expect the drum to turn twice as many times
without using more gasoline.

Please return to page 40. Choose a better answer.
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YOUK ANSWER -~-~ B

A kilowatt uses the same prefix as & kilometer. This prefix -
aiways means ''1,000 times'; hence, a kilowatt is 1,000 watts.

The watt is a unit of power; so is the kilowatt. If we multiply a
power unit such as the kilowatt by a time unit such as the hour, we cannot
cbtain a power unit from the product,

Thus, g kilowatt-—hour is not a vnit of power. To find out what it
really messures, do this:

kw~hr = power x time .

work
ower = 5
P time
work
S0~ kw-hr = —— x time
time

So what is the kilowatt-hour?

Please return to page 145 and chcose the right answer now.



i3
 YOUR ANSWER ~-— A
There are several things wrong with the answer you chose.

You cannot equate two different kinds of quantities. Distance moved
is a single, fundamental measure of displacement while work is a combination
of force and motion and cannot possibly be equal to distance.

As an example which shows the fallacy of this kind of statement,
consider a box containing marbles. It is safe to say that the weight of the
box depends upon the number of marbles in the box, but you could never say
that the weight is equal to the number of marbles. Suppose the box contains
173 marbles and weighs 2.9 1b. It wouldn't be correct to write 2.9 1lb =
173 marbles. ’

From the point of view of units alone, you can't have an equation
with units of different meaning on either side of the equal sign.

Please return to page 56 and chocse an alternative answez.



i4
"YOUR u#NSWER --- B

Ycu're confusing energy and momentum. Find the total momentum of the
system, not the total kinetic energy.

Return: to the original question on page 127 and read the explanatory
material cnce more--carefully. Then choose a better answer.

O
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YOUR ANSWER --— B

You chose the wrong component. We're quite sure you realized that-
the work done here must be the product of the horizontal component of F
and the displacement d. But Fy is the symbol for the vertical component;
this component does no work, of course, because there is no vertical metion
in the system. -

Please return to page 75 and choose the right answer.



YOUR ANSWER -—— B

i
vt

We are aware of the thinking that led you to choose this answer. You
figured that, if 147 joules of work were expended in getting the block to the
top of the shelf, then 147 joules of kinetic energy must have been transferred
to it, since no energy is being lost to friction: Up to a point this is good
thinking, but it falls short of the truth because the motionless block has
no velocity on the shelf; hence, it cannct have kinetic energy. That is,
since

K.E. = Ymv?

and v = 0, then K.E. must be zero.

This may make you wonder what happened to the work thar went into
raising the blecck to the shelf. And well it should:

We'll help you out of this dilemma shortly.

In the meantime, you will have to return to page 150 and then select
the only possible answer. '




YOUR ANSWER -~— B

We are almost certain that ycu arrived at this answer as a result of
two separate but common e€rrcrs.

" The determinaticn of the K.E. of the bullet as it leaves the muzzle
of the rifle calls for the solution of:

2

K.E. = lmv

In substituting, ycu must be sure that the mass is given in kilegrams
and the velccity in meters per second. We think you used the wrong unit
for one of these. -

Next, you must remember to square the velocity, and also that the
product sz is to be divided by 2.

. Please return to page ilh. Make another choice after finding the
correct answer. ’




i9
YOUR ANSWER -—- A

"Two quantities are inversely proportional when cne decreases as the
other increases. We are trying to establish a definition of work in a
physical sense. We have said that we would measure work in terms of the
size of the job performed or the amcunt of fuei used to complete it.

It seems logical to connect the factors we have just considered in
tiils manner:

I. To 1ift a single crate, a certain amount of fuel is needed.

2., To 1lift two crates, two cranes sre required, thus calling for
twice the applied force.

3., Two cranes, however, require twice the fuel of one.

4, So to get twice the force, we need twice the amount of fuel

5. Since work is measured by the amount of fuel used, we would then
expect two cranes to do twice the work of one crane by exerting
twice the force at a given time.

Thus, the two quantities we are relating are work and force, and we .
see that as the force 1ncreases, the work increases Is this an inverse
relationship?

Please return to page 4 and select the alternative answer.
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YOUR ANSWER --- D

That 1s not right. One of the answers is correct.

Go over your work. Remember, in solving K.E. = %mvz, you must square
the speed, multiply by the mass, and then divide by 2.

Please return to page-72. Choose the correct, answer,
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YOUR ANSWER ~-- C

This is not correct. You may determine the correct MKS energy unit

in one of two ways.

{1} 7You may analyze the derivarion closely and notice
that since work 1s & measure of energy, the energy
equation having been obtained directly from the

" definition of work, energy units must be exactly the
same as work units. '

(2)  You may substitute units in K.E. = ‘/zmv2 and thus
determine the unit you derive for the entire quantity.

We are quite sure you did not foilow either of these procedures°
you had, your result would not have had the newton as an answer.

Pl=ase return to page 132. Select a better answer.

If



YOUR ANSWER --- B

- The example appears in item 1(d), not 1(c).

Please keep your notebook up-to-date and in usable shape.

Piease return to page 128 and select another answer.
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YOUR ANSWER —-- A
This answer 1s incorrect.

~ You obtained this answer by multiplying the weight of the safe in
" pounds by the distance moved. This is a double error.

If you use the weight of the safe in this problem~-and it should no:'
be so used--it should be expressed in newtons rather than pounds. ‘

However, in determining the work, the force that appears in W = Fd
must be the cone that is in the direction of the motion. The safe is moved

horizontally but weight acts vertically.

. —

Please return to page 142 and work the probiem again.




CORRECT ANSWER: Th: dealer answered, 'The brown stallion can pull the hay-
wagon «p the hill much faster than the black mare." _

Here is a new thought! Suppose you had a lozd of becoks that were to
be placed on 2z high stoiage shelf that tovld be reached only by climbing a
ladder. For the sake of simplicity, we'll imagine each of the books to
weigh exaczly 5.0 at, and that there are 20 of them altcgether. Suppose
turther that they are tc be lifted a distance of 4.0 meters. Since 5.0 nt
zepresents & little more than one pound of weight, you might carry 10
books up in a singie trip, completing the jcb in twe trips. The work
done wocuid then be:

= pumber of trips x welight x height
30 nt x 4.0 m} = 2(200 j) = 400 j

‘Now, iet’s say that your little brother wants to do exactly the same
job but thar he can carry only ! book at a time as he mounts the ladder.
This means that he will have to make 20 crips up the ladder. The work he
would do would be: :

W= ZQ(SOO nt x 4.0 m) = 400 j

Cleariy, your iiccie brother does exaetly the same amount of work
that you do in completing this job, but if an amployer were looking for help
in the fcim of &4 book—-stacke:r, he would hire you racher than yocur brother.
What physical quantity, not present herectofore in the concept of work and
energy, has now appeared?

(33
A A ladder.
B Time.

C Vertical distance.

D None of these.
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YOUR ANSWER —~-- B

Fd 5 -
You are corzect. P = — = 2000t % 6.0m 200 j/sec
t i5 sec .

Toc help you understaand the relative magnitude ¢t a joule per second,
we'll discuss power in Engliish units briefly, but will not work any probiems
involving them.

In the English system, force 1s measured in pounds (1b), distance in
feet (ft}, and time in seconds: Hence, the unic of work is the ft-1ib, and the
unit of power is the tt-ib/sec. Early in the development of the concepts
invelving power, horzes were used to do the work of pumping water, grinding
grain, heoisring siones, and s on, s that 1t was nstural to choose a power
unit invelving these animais. At first, one horsepower was described as
the rate at which a particular kind of animal, an Englilish dray horse, could
dc the work. Obvicusly, such a deiiniticn is inadequate for anything but
the roughest kind of calculations. Later, the definition of the horsepower
was pinued down as:

i horsepower = i HF = 550 ft-lb/sec

Thus, the aversge hcrse might be expected tc be able tc do 550 ft-1b
of werk in 1 second.

Te help you iix the relacive size of the j/sec in youf mind, we shall
find the number of j/sec¢ in | horsepower. The process of determination is
given on the next page. It is not necessary for you tc memorize this, but
it is ilmperrant fof improving yow facilivy with unit comnversion, and for a
vaitable veview. Theretore, follow each of the steps carerully to the con-
clusion.

Please go on to page 26.



We want io derzerminz the number of joules per second in 1 horsepower,
carrying the work vc three significant figures.

e e L . 1,00 nt x 1.00
{1} Write 7the definiticn of ! jssec: 1 j/sec = 1.00 sec o

{2) There zre 3.28 fy/m and &.45 nt/lb, or 1/4.45 1b/nt.

{3} Multiplying i1} by the conveirsions in {2):

1 1t X -
i ijsec = 1:00 nc x gjzg—ﬁ%-x 1.00 m x 3,28 ft/m
<+ .

1.00 sec :

{4% Simpiifying:
o 3,28 fr-lb
= JISeY T 445 sec

1ogrsec

0.-38 tt~ib/sec

#

{5} From (4! we see at once that I j = 0,738 ft-1b. This in itself is
a valuable result. It shows that a joule is less than 1 ft-1b. So, there
must be more joules tham rft-1bs in & HP, that is,

i te-ib =

) I
0,238 3

{6) We know that, by definition, I HP = 550 ft-1b/sec.

.(7). Hence,

: 1
\ HP = 550 ft-ib/sec x _ £ to1b
. 1 HP 550 fe¢ 4b/ et x 0.738 j/It 1

o [ b 1 T A e
or 1 HP = 3-738 Te 746 jfisec

Thus, 1 j/sec < b HP
us, 11 746

Please go on tc page 27.




Here are the last two answers again:

1 HP = 746 j/sec

1 j/sec = L mp

746
This is the result we are seeking.
that another name for a jocule per second is
unit of .

(35)
A Work.,
B  Energy.

C Power,

D None of these.

You will find in your reading
a watt. Hence, a watt is a



YOUR ANSWER --- A

.

You obtained this answer by summing up the two individual momenta
without regard for algebraic sign. Momentum is a vector quantity and signs
must be taken into account in all arithmetic or algebraic manipulations.

Please return to page 127 and select a better answer.
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30
" YOUR ANSWER --— B

1f you write Newtcon's Second Law in any form, you cannot obtain an
equality between F and m/a!

Refer to your notes if necessary for a review of the mathematical
statement of the Second Law. You shculd remember, however, that acceleration
is directly proportional to the unbalanced force, and inversely proportional
to the mass of the body being accelerated. : :

Please return to page 91 and make a betrter selection.



TOUR ANSWER —-—-=- &

You are correct. This fcllows from the conservation principle. At
the start of the swing, all the energy is P.E. At the end of the swing, it
is again all P.E. Hence, if the energy of the system is to remain censtant,
mgh' must be equal to mgh.

Thus, an 1dezl pendulum would be a perfect energy converter. Each
swing would see the bob rise to exactly the same height as before and,
therefore, the pendulum would swing forever once started.

How to extract this energy to dec useful work while keeping the
penduium going 1s a problem in perpetual motion. A pendulum clock has
been devised, however, which uses very little external energy.

Please go on to page 32.
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1 worid ¢f physics where ideal conditions
€

™

arized, here is one more application
b Energy in conneztion with faliing bodies.
Fer simplicity, we shali use a numericali example.

A jet plane &gt an altituce of 2.00 x 10” m is carzying a 1,020 kg bomb.
We want t5 find the kinetic enmergy ci the bemb after it has been dropped and
has faiien a distance of 6.00 x i0° m. {COPY THIS PROBLEM). Ycu will note
that the bewb has feallen 273 of the distance to the ground from its original
altitnde.

‘ Now there is a difficult way to selve this problem, but there is also
an ezsy cne. Unfortunately, the difficelt way is the obvicus one, We'll
gc over this first. The problem svggests that we find K.E. Which equation
will we appliyf®
{32)
A K.E. = mv*
B K.E. = smv

C Neither of these equations.

ERIC -

Aruitoxt provided by Eic:



33

YOUR ANSWER ——— A
This answer is incorrect. -

Work the problem out again and determine the correct answer for
yourself. Be sure your manipulations with exponents are correct.

r

Please return to page 137, then choose another answer that matches
your revised one.




34
-YOUR ANSWER —— A

How far does F., in Figure 3 on page 99 cause the block to movc!
Remember that FT is a reaction to W and that the block will not move wer-
tically at ail as long as the table is there.

All right. Fq causes no motion of the block; this fact is estabiished.
Work is calculated from the expression W = Fd. Now, if Fp does not
vause any vertical motion, there is no d over which it acts; hence ior Fr,

ihe distance d is zero.

Under these conditions, would you still say that Fp does the same
amount of work as F? : ’

Please return to page 99. Choose a better answer.



YOUR ANSWER --- B

You are correct. The proportiomality between work and diétance is
almost self-evident in the relaticnship of the numbers chosen for the previous
discussion, '

Thus, we can write the proportionality this way:

W=k'd where W = work, d = distance, and k' = a
proportionality constant.

Well, let's review a bit. We have found so far that work is propor-—
tional to forcez (W = kF}, and that work is also proportional to distance
moved (W = k'dj. Both of these are direct proportions.

In the next step we want to combine the two proportions. This is
- done by putting ftaem together like this:

W = k'Fd where k" is some combination of the two

proportionzlity constants that appear in the separate statements above.

Here we can give the constant k" z value of one (unity) by choosing
our units correctly. If F is measuvred in newtons, and d is measured in
meters, and if we assign a value of unity (without units) to k", then what
unit will we use for work?

(4)

A The newton-meter.

B The newtcn per meter.

C I don't recall how to do this,




YOUR ANSWER ——~ A

This is not correct.

A watt is the same as a joule per second. But if a jdule i1s a anmiy <1
work, then a joule per seccnd is a unit which measures the time rate of
doing work, not work itself.

Please rerurn to page 27 and select another answex.

o
ERIC

Aruitoxt provided by Eic:



YOUR ANSWER --- A

You are correct. To apply the relation: K.E. = %mv2 we need to
know the mass of the body and its f£inal velocity as it reaches the ground.

All vight. The mass 1s known: 5.00 kg. We know the distance that
the block will fall: 3.00 m. We know the gravitational acceleration: 9.8
m/sec”. What equation do you have that will enable you to find the final
velocity of a body falling from rest, if the mass of the body, its accel-
eration, and the distance through which it falls are all known?

~ Write this equation, please. Don't go any further until it is
written and you are certain thac ic 1s right.

Now turn to page 139.
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YOUR ANSWER --- C

This is not a good answer. Although the acceleration cf a freely
falling body cdn be given as 980 cm/sec?, this value is in CGS units.

This isn't what we want, is it?

Please remember the system we are working in.

Please return to page 128 and select the acceleratiocn of free-tall
in this system.



YOUR ANSWER --- C

Apparently you think that the total energy has been split down the
middle, since half of 432 is 216. This is not so.

At t = 3.00 sec, the ball has reached the ground so that, with respect
to ground as a reference zero level, the height of the ball is now zero.

At zero height, how much potential energy does the ball have?

Check your thinking. Return to page 76 and select a better answer.
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YOUR ANSWER --- B

You are correct. If three cranes were used, the force applied
simultaneously to the crates would be three times that of a single crane,
the fuel consumption would be three times as great, and the work done,
therefore, would be tripled.

Sc, if work is directly proportional to the applied force, we might
write: W = kF where W = work, F = unbalanced force, and k = the conventionai .
constant of proportionality. :

Now, what else determines how much work is done by the crane?
Suppose the vertical distance from the dock to the shiv's deck is 20 feet.
1f we measured the fuel consumed by the gasoline engine in lifiting the ciate
a distance of 10 feet and tound that it required 0.01 gallon of gascline to
do i¢, .and then repeated the fuel consumption measure for a distance of
20 feet straight up, what do you think we would find?

(2)

A To 1lift a crate 20 ft would require no more gasoline than to lift ir
10 ft. :

B To lift a crate 20 ft would require 0.02 gal of gasoline.

C I don't understand.



YOUR ANSWER --- D

You are correct. The basic equation relating distance and time is:
d = %gt2 for a body that starts to fall from rest. When this is solved for t,
you obtain the expression t = V2d/g.

.All right, let's find the time required for the ball to fall to earth.

2 x 44,1 m / 2
t = mz = 9400 sec = 3000 sec

Now that we have the time needed for the ball to fall through 44.1
meters, we can proceed te part (b) of the problem.

At t = 0 sec, the ball has not yet started to fall. In short, its
energy is entirely ~energy. Write the missing word and then please
turn to page 76. .
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YOUR ANSWER --- A

A ladder isn't a physical quantity or number!

We may not have worked any problems involving ladders before, but
we cerxtainly have dealt with bodies that have been lifted above the ground.
The ladder is merely another means of lifting; it introduces nc new ideas.

Please return to page 24 and choose a better answer.
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YOUR ANSWER --—- A
This is not true.

When a 120-1b boy climbs a vertical ladder, his muscles must exert
a minimum of 120 1lb of force in order to overcome his weight. If this muscu-
lar force, which is directed upward, causes him to move upward, then cer-
tainly work has been done because a force has caused motion.

Re-examine the problem afier returning to page 87. Think care-
fully to choose the right answer.
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YOUR ANSWER ——— C

With reference to the zero level, what is the height of the ball as it
passes through position (1) of Figure 9 on page 607 It is zero, isn't it?
But if h = 0, then the potential enmergy, which is N

P.E. = mgh

mist also be zero.

If this is the case, how can the total energy of the bob comprise only
P.E.? '

Please return to page 62 and choose a better .answex.
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YOUR ANSWER -=- C
This answer is not right.

You obtained it by multiplying the weight of the safe in newtons by
the distance moved horizontally.

Remember that the force used in a work calculation must be acting in
the direction of the motion. Weight acts vertically but this safe movad
horizontally; hence you cannot use the weight of the safe as the force in

= Fd.

Please return to page 142 and select the right answer-.



YOUR ANSWER --- B

Correct. Going back to our equations of uniformly accelefated.mo—
tion, you should remember this one: '

v = at or, for this case, v = gt

Hence, what is the speed of the ball at the end of 1.00 sec of free
fall? Write the answer; then turn to page 72.
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YOUR ANSWER --- C

2 You fbrgot to do something necessary for the solution of K.E. =
mv“. What did you neglect to do?

Correct your work, return to page 72, and then choose the correct
answver,
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YOUR ANSWER ~-~ C

Let's yun through some of our preliminary peints.

We are trying to develop a relationship between work and some combina-
ticn ¢f force and motion. In cur introducrion we used the word work as &
measure of energy transfer, and said thar it was evident that work couid be
measured by the amount of fuel used in doing a particular job.

Now -our objective is to find out just what facto:is of torce and moiion
govern the amount of work done or tuel used. We have already decided tharv
work is proportional to force, but that there is something else thart conriaols
the amount of work done besides force.

. When work is done, force produces motion., In our example of the crane
“oisting crates, we are applying common sense to the question: ‘''How much
more fuel is used in lifting a given crate 20 ft compared -te the amount

used to lift the same crate 10 £t?" If we can determine this, we may then
be able to show how work done is governed by the motion that occcurs while

the work is being accomplished.

Please return to page 40. Try ancther answer.

ERIC

Aruitoxt provided by Eic:
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CORRECT ANSWER: Since the mass of the stone is 20 kg,.then from

W = mg
we find the weight to be: w =20 kg x 9.8 m/sec? = 196 nt.
So we have: ' 1.440
h=_’__j_

196 nt

~

h = 7.3 meters

Thus, when a 20-kg stone is dropped from afheight of 7.3 meteré, it
acquires 1,440 joules of K.E. when it reaches the ground.

Wheti an object is at trest at some height above grouid level, what-
ever energy it possesses is potential in nature; it has no kinetic energy
because it is nct moving. We know, too, that if the object is allowed to
fall to ground level its energy upon impact with the ground will be all
kinetic. Its potential energy will now be zero, since all the initial P.E.

has been converted to K.E. \

|

Please go on to page 50.
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Here is another question: Given a specific P.E. for a body raised
to a height, can we calculate how much of this P.E. has been changed to
K.E. at any instant--part of the way down——in its fall?

COPY THE FOLLOWING PROBLEM (It will be more convenient to wofk this

one out to three significant figures,): A 1.00 kg ball is dropped under

ideal conditions from a height of 44.1 meters.

(a} Dnterane the time required for it to reach the gxoundc
{b) Calculate its P.E. and K.E. for

gl) t = 0 sec
{2) -t = 1.00 sec
{3} t = 3,00 sec

Now turn to page 5i.
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This problem is not quiﬁe as formidable as it first appears. From
your copy of the problem, list the known quantities: :

= 1.00 kg

m=
d or h=44,Im 2
g = 9.80 m/sec

Part (a) of the problem calls for the determination of the time required
for the ball to reach the ground. This is a straightforward question in uni-
formly accelerated motion as applied to bodies in free fall. "

Choose the equation from those listed below which will permit you to
find the time of fall directly from the data given,

(23)
A t=2
A4
= 2g ‘
Bt 3
C t=_2_d.

=]

(a4

[}

N
(1R NaW 1]
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T0UR ANSWER --- B

We showed that W = k''Fd,

In this expression, the porticn "Fd" is a product. Since "per"
signifies a fraction bar, the unit for work could be a newton per meter
only if the proportion involved a quotient. Since there is no quotient
expressed or implied, there can be no "per" in the unit, -

Please ieturn to page 35, The answer should be clear now.
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YOUR ANSWER —-— A

\
A\

Despite the unfamiliarity of the unit used to express work in this
answer, you chose it. You must have had a reason for doing so. Going back
to the definition for power: :
P =W/t

and since we want the work done, we can solve the equation for W:
W = Pt

The power is 500 watts and the time is 1 minute, so

W= 500 w x I min = 500 watt-min

But this isn't the answer you selected, is it? What's wrong?
Compare with the answer .above, as you selected it,

Go back to the original question on page 121 and work the problem again,
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YOUR ANSWER =-—- A

You are perfectly correct.

The kineti: energy cf the block as 1% veturms to the ground is:

K.E. = %mv2 =% x 5,00 kg x 58.8 mzl‘sec2 = 147 jcules

-

cmm rris we must csnclude nhat 147 JOUlES were stbsed in the biock while
it rested on the shelf, and that all this enevrgy was converted tc K.E. &t the
end of its fall,

NOTEBOOK ENTRY
"~ Lesson 12

2. Potential Energy

| {a} Potential energy is the energy possessed by a body because of
i 1ts position or distortion,
i {b} Under ideal conditions, P.E. is equal to the work required to
bring the body to that position, or tc cause the distortion.
| (¢) For potential energy of raised position (against gravity),
the work done to bring it to that position is W = Fd. But the force in
i this case is the same as the weight w of the body, and the distance iaised
is to be called the height h, Hence, we may express P,E. of position 4a
P.E. = wh. ’

{(d} In the MKS sysrem, w is in newtons, h is in meters, and P.E.,
therefore, is 1in joules.

Please turn to page 184 in the blue appendix,




In the notebook entry, we mentioned the potentiasl energy of distor-
tion. Llet's explore the marter further. .

. A bcdy can store up potential emergy if it is raised tc some height
above the ground. We say the body has porential energy because, if its
support is removed, it will fall and convert all the P.E. it had while at
rest to K.E. as it reaches the ground. For bodies that have potential
energy as a result of rheir posirtion, we shall call ground level zero height.

The most common way to tell if an cbject has potential energy 1is co
note whether cr not this object will have kinetic energy when released.

SPRING

AT S

Tigure 8 REST FOSITION

Referring to Figure 8, we see an unstretched spring in A {ignore
gravitational effects), and the same spring in the stretched state in B.
To stretch it, an average force of 2.5 nt was applied, causing the spring to
lengthen by 0.20 meters. The spring has been distorted; its form in B is
different fyxom its form in its relaxed state in A, - If the spring is released,
that ie, if the force is removed, the end of it will leap back toward the leit
causing the mass of its turns to move, We conclude, then, that the
stretched spring possessed potentizl emergy which is converted to kinetic
energy when the end is released.

How much P.E. did the spring possess in its stretched state?
Write youtr answer; then turn to page lis. '
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YOUR ANSWER --- B

You are correct. This answer is based on plain logic. If the engine
can raise a crate L0 %t with 0.0l gal of gascline, then it is reasonable
to expect it would use twice as much gasoline to raise the crate twice
the distance. Similarly, if the same engine were called upon to lift the
same crate through 100 ft, we would expect that the gasoline consumed wculid
be 100/10 x 0,0! gal or 0.1 gal., ' '

Again relating the work done to the fuel used, we see that the engine
must do twice as much woitk to raise a crate through twice the distance,
three times as much work for three times the distance, and ten times as .
much work for ten times the distance.,

What relationship does this suggest?

(3)
A Work is equal to the distance moved.

B Work is directly pfoportional to the distance.

C As the distance is increased, the work done increases.
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v

YOUR ANSWER --- D

This is not zhe right answer. One of the answers 1is correct,
B

A watt is the same as a joule per second. And a jouvie is a univ of
work. Whai kind ¢t s unit, then, does the joule pexr second measure?

Piease vaturn to page ¢7 and make another choice.

O

ERIC

Aruitoxt provided by Eic:
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CORRECT ANSWER: When t = 1,00 sec, the body falls 4.90 meters.

That is:

d = 5;2 = 9:80 m/secz x (1.00 sec)? | 4.90 m

The original height of the bal] was 44.1 meters, so the new height at
the end of 1.00 sec 1is:

44.1m -~ 4.90m =39.2m

Thus, we have 1. OO—kg ball (weight = 9,80 nt) at a height above ground
of 39.2 m.

What is the potential energy of the ball in this position with reference
_to ground? Write out the solution and the answer; then turn to page 144
to check your work.
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YOUR ANSWER -—- C

‘ You are correct. The units of work are given as the newton-meter
or joule.

In the discussion just completed, we have established a very useful
basic concept: The conservation of energy in ideal situations. Next, we
shall apply this concept to the analysis of the motion of a simple pendulum,

T,

'For this application please turn to page 60.
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m : .
O‘ ZERO
(1) REFERENCE LEVEL

Figure 9

When a ball {called a pendulum bob) is hung from & suppo:t by wmeans
of . stzing, ir hangs straight down forming what 1is known as s plumb 1ine.
The center of gravity of the bob may be assumed to be at the geomeivic
center of the sphere. In position (1), Figure 9A, the center of gravi:iy ct
the bob is taken as zero reference level from which all heights or depths
are measured. The bob has a mass m.

When a force 1s exerted sidewise on the bcob, it ¢an be dispiated tw
position 2, as in Figure 9B, with the string still taut. Since the horizontal
component of gravity is negligible for small displacements of the bub, we
assume the work required to move. the bob horizontally is zeroc. But work is
invoived in moving the bob to position 2, because it has been raised
wvertically through distance h. How much work was dome in moving it from
{1} to €2)?7. Remember, W = m ¥ g. '

{29}
A The work done was equal to m x h.

B The work done was equal tom x g x h.
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YOUR ANSWER ==~ C

You took the right road but stumbled over a detail.

°

The equation for kinetic_energy is lgmv2 not just mv2

This should give you a hint to enable you to locate your mistake.
Do so, then return to page 123 and select the right response.
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YOUR ANSWER --- B

You are correct. The force that iifts the mass 1s the vertical <om-
ponent of whatever force 1s applied to do the job. But the verriial com-—
ponent ot :his force must be equal to the weight of the bosb, exerted iu an
upward direction. Then, since w = mg, the work done is equivaient (¢ mgh.

Now picture the bob held in position {2; ot Figure 9 on page 60  Ir
1s metionless, hence its kineri:z enezgy is zerc. Tnus, éidi the woik dene on
the bgb, tepresenving the teral energy of the system, nocw resides in 2t In
fcrm of potentisl energy. We can express 1t this way:

W = total energy » K.E. + P.E. #+ O v P E. = just P. &

i1 the ball is now released, 1t wiil garhe:r speed as it moves to the
left. It will cthen pass through positicn {l) sore time duving thils morion.

At the instant the ball passes through position (1j, whicth ¢f the
fcllowing statements would correctly describe the energy distiibu: ioni

«30% . i >
A The total energy of the bob comprises only K.E.

B The total energy of the bob comprises scme K.E. anad sems F.E.

C The total energy of the bob wcomprises only P.E.

Q

ERIC

Aruitoxt provided by Eic:

The
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This page has been inserted to maintain continuity of text. It is
not intended to convey lesson information. :
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This page nas been inserted to maintain continuity of rext. 1t is
nst intended to convey lesson information.

o

ERIC

Aruitex: provided by Eric
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YOUR ANSWER --- C

~ Although this statement is true, it is inccmplete. The figures given
should enable you to state a relationship that is more meaningful.

Certainly, the work increases as the distance increases. But is it
true that the work triples as the distance doubles, or that the work rises
to 100 times its former value if the distance is increased 10 times? Of
coursée not! Yet in both these cases, the work increases as the distance
increases.

. So, you see that your answer is too qualitative; it dbes not contain
all the information that can be derived from the discussion.

‘ Therefore, please return to page 56 and find the answer that does
have this information.
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YOUR ANSWER ——- C
There is no such ejuation!

Although this expression does.relate timq‘and distance~-and this is
the relationship you would need to determine the time of f£all orf %‘he ball
over a distance of 44,1 meters--it does not relate them properly.

You may need to go back over the appropriate equations in you: notes.

and review them before you return to page 51 and select another answer.

'S



YOUR ANSWER --- C

If you have the right answer for the K.E. of the block as it returns

" to ground level, the appropriate conclusion ought to be apparent immediately.
Perhaps you made an error in arithmetic. Once you get the right resuit for
the K.E., you should reach a conclusion that can be generalized Let's
review the points made thus far:

(1) 147 joules of work did the job of raising the 5.00-kg block a
distance of 3.00 meters.

(2) We decided that the K.E. of the block on the shelf was zero
because it was not in moéion, and its velocity was zero.

(3) However, having done i47 joules of work on the block, we felt
that we must have added energy to it. Since this energy is evidently not
kinetic, then ic mus: be another Y kind of energy.

(4) We concluded, therefore, that the energy (147 joules) is stored
because of the block's raised position. We called this potential energy.

(5) To test this theory, we computed its K.E. when the block fell to.
its original position. Finally, we must compare this K.E. with the original
work done in the P.E. 'storage' process,

Please return to page 139 and select another answer.



O

ERIC

Aruitoxt provided by Eic:
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YOUR ANSWER --~ B

This expression is not valid. We have never derived nor used anything
iike 1xr. '

Although this expression does relate time and distance--and this is
the relationship you need to determine the time ime of fall or the ball over a
distance of 44.1 meters—-it does not relate them properly.

Ycu may need to go back over the appropriate equaticns 1N your NHCLEes
and review them. Then please return f£o page 51 and select anotheir answe:
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YOUR ANSWER --~ B
Not directly.

The equation d = %atz gives the relationship between time, accelera-
tion, and distance. It does not relate velocity toc the other quantities.

Please return to page 124 and make a selection that fits the questicﬁ°
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YOUR ANSWER --= C
You've erred somewhere in your calcularion.

One of the answers is correct. Check ycur work; then please reru:in
toc page 143. You should be able to pick the right answer.
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YOUR ANSWER --~ B

You are absolutely correct. Since you know mass m and velocity v,
you can make direct substitutions into the equation: :

Remember, we want to find the height from which the stone was
dropped. Let's compute the kinetic energy at ground level:

K.E, = mv2 20 kg x (12 m/sec)2
2 = 2

K.E, = 1,440 joules

Assuming ideal conditions, the potential energy of the stone at the
height from which it fell must also be 1,440 joules, since all the P.E. was
- converted into K.E, by the time the stone reached the ground. >

P.E, = 1,440 joules

but P.E. = wh, so
Ewh = 1,440 joules.
d b= 1,440 joules

w

The mass of the stone is 20 kg. What is its weight? Write your answesr .

Now turn to page 49,
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CORRECT ANSWER: At the end of 1.00 sec of free fall, the speed of the ball
is 9.80 m/sec. That is,

v = gt = 9.80 n/sec? x 1.00 sec = 9.80 m/sec

We want to calculate the K.E. of the ball, then, when its speed is
9.80 mssec. What do you get for the kinetic energy at this speed?

(26)

A 96.0 joules.

[o+]

48,0 joules,
C 4.9 joules.

D None of these answers.



YOUR ANSWER ~-- B

What's wrong with this answer? It is correct. From W = k"Fd, we _
obtain W = Fd when we make k" = 1. Then substituting for F and d, we have:
W=23.6nt x 0.70m

2952 nt"m ’
However, since a newton-meter is a joule, we can express this answer as

W= 2,52joules. And since we are working with only two significant figures,
the final result is best expressed as

W = 2,5 joules.

A5
One of the answer choices, however, is wrong on two counts. Please
return to page 119; find the answer we mean.
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YOUR ANSWER --- D

At the start of the free-fall process, the total energy of the bali was
all pctential-~432 joules. If you say that on reaching -the ground, the P.E,
of the ball is still 432 j and its K.E. is also 432 j, how do you account ic:
the fact that the total energy of the ball would then be 432 j + 432 j = 864 it
The only work done on the ball was that involved in the raising process,
432 j. %You know that work must be done to give something energy. You
can't add another 432 j to the energy without accounting for it.

Furthermore, you know that potential energy cf positicn is'the produ:t
of the weight and height. But, at ground level, the height ¢f the bail '
above the ground 1s zero; hence its P.E. =2 x 0 = G,

Please return to page 76 and select a better answer,

\.
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CORRECT ANSWER: Force F may be considered to be made up of a horizontal
and a vertical component.

Figure 5

Figure 5 illustrates the resolution of force F into its two components,
Fy and Fy. Igndr;ng F, now we can talk of the effects of the components.
As we saw before, a vertical force that causes no vertical motion does
absolutely no work. This means, of course; that Fy may be ignored, too,

as long as we confine our discussion to the forces .that do work in our
example, '

On the other hand, the horizontal component of F (F,) is the force
which causes the actual, observed merion resulting in the gisplacement d.

Thus, only F, does work along the horizontal line as~the block moves over
the distance d.

Now, you should be able to write the equation for the work done in
the situation shown in Figure 5. Which of the following correctly describes

it?
(7)
A W=TFd
B W=F,d o
C W= Fyd )
D W = FgFyd
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CORRECT ANSWER: At t = 0 sec, before the ball starts to fall, its energy
is entirely potential.

The body is not in motion, .so it has zero kinetic energy. To find
its rotal enexgy then at t = 0 sec, we must determine its potential energy.

P.E. = wh
but since w = mg
then P.E. = mgh

and substituting, we can write:

1.00 kg x 9.80 m/sec x 44,0 m
432 joules

LU

P.E.
P.E.

Thus, in answering (1) of part {a; of the problem we would say that:

the ball's P.E. at t = 0 is 432 joules
~the ball's K.F. at t = 0 is zero.

]

Now, without further calculation you should be zble to tell us the P.E.

and K.E, of the ball at t = 3.00 sec. {(Remember that we calculated the time

required for the ball to come to ground level as 3.00 sec.;

Don't hurry. Take the time you need to think this out. Then select
an answer from those listed below: '

At t = 3.00 sec,lthé ball has a
(24)
A P.E. of'zero‘and K.E. of 432 j.
B P.E. of zefo and K.E. of 288.3.
C P.E. of 216 j and K.E. of 216 j. —

D P.E. of 432 j and K.E. of 432 j.




YOUR ANSWER ~~— A
Incorrect.

We know the mass of the ball. It is a constant value of 1.00 kg and
is not atfected by the motion of the ball in free fall. ‘

Please return to page 144 and chcose the alternative answer .
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YOUR ANSWER --- A

The product m x h is a product of a mass-and a distance.

You know that work is a proddct of a focrce and a distance. Then ihe
product m x b can not express work. ‘

Please return to page 60 and select the other answer.
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"YOUR ANSWER -—- C
We'll refresh your memory.

Let's go back to Newton's Second Law. Your notes will show that we
had a similar proportion involving force, mass, and acceleration which could
be put into the form F X k'ma.

In deciding upon the unit to be used for force F, we allowed the k' to
be .dimensionless with a value of unity and then wrote:

F=(l) x kg x m/sec?
0 (! T , ”

k" m a

Then we said that the unit for force must be the kilogram-meter pet
second squared, or kg-m/sec?.

Thus, in forming the unit for the derived quantity (force in the case
of the Second Law),. we merely perform the operations dictated by the defining
equation, multiplying or dividing or both, depending on the instructions in
the equation.

In this case, sec? appears in the denominator of the force unit because
it is in the denominator .cf the unit for acceleration.

Perform exactly the same operation with the expression:

W = k'Fd

Now return to the original question on page 35 and select the right
answer.




YOUR ANSWER —-—- A

Correct.

When it 1s at position (!} ur Figure 9 on page 60, whether it is 1n
motion or not, the height of the bob is considered tc be zero since this is
the zero reference level. Since mgh newtons of work were done on the bob
to raise it to height h, it must have been given mgh newtons of total energy
At position (1), we see that its P.E, 1s zero; hence the total energy must be
all X.E., by the Principle of Conservation of Ene:igy. If the bob is moving
with speed v at position (2), then the total energy of the system 1s

2

Total Energy = K.E. + P.,E.= K.E. + 0 = lmy

Now turn to page 81.




Now refer t¢ Figure 10.
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Figure 10
_ The bob passes through (1) and, because it has kinetic energy, it
continues tc move toward the left, rising to height h' at positiom (3).
Here it stops mecving, before reversing direction on its next swing. At

posirion (3, the bob again has zerc K.E., and the total energy of the system
is‘all P.E. 1In this case, the P.E. = mgh'. Select the only true starement.

(31)
A The magnitude of mgh' is exactly the same as mgh,
B The magnitude of mgh' is smaller than that of mgh. -

C The magnitude of mgh' is greater than that of mgh.
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YOUR ANSWER --- A
You are quite correct.

So far we have:
W = mad
and also
v = 2ad

Suppose we solve this last equation for a. This gives us:

2d

Thus, v2/2d is the equivalent of a and may be substituted for it in
the expression W = mad.

We would like to make the substitution and then simplify the resulting
expression as much as possible. Write your answer, then see which of the
following is a true statement.

(12)
: 2
mnv
A W=
B W= mv2 )

I 12

C Neither of these answers is right.



- We should like 1¢ <¢loge thils lesson by des:zribing a simple experiment
in which the conservaticn princ:plies. for both momentum and ene:gy, help
us ¢ appreciszte rthe importante of cemembering which quantity is & veotor
and which a scalar.

< 3
o
~ O
O “

[
3 O
[
L 0%
~

Figure il

In Figure ii, we see a billis:d table fzom above. Two billiard balis
of equal mass m are moving with equal cniform velccities in oppusite diresticus.

Bearing in mind that enexrgy 1s a scalar Jquantity, we are nut con.erned
with the directiosns ot the twc motions in answering the question: What 1s
the total kinetic energy or the system? The system includes both bails and
the tabie. Clearly, if directions are not to be taken into ascount, then the

. total kinetric energy of the system is the sum or the two indlvliduai energles,
~ or .

Total K.E. = %mvz + lgpe’ = mvz
1f each m = 0.20 kg and each v = 10 m/sec, then the toral kinetic

energy is 20 joules. Despite the fact that the bails roll in opposite
directions, each one could do 10 joules of work if called upon to do =¢.

. Please tuin to page i27 to continue.

ERIC

Aruitoxt provided by Eic:
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YOUR ANSWER --- C
This 1s not true. You do have enough data to answer this question.

To determipe the kinetic energy cf any body, what do you have to know!
Since K.E. =!mv® you need intormarion relative to the mass of the body
and its velocity at the time the kinetic energy is to be calculated. Well,
aren't both of these known? Sure, they are! So you do have encugh data
to find the K.E. of the block after 1r comes tc rest on the shelf.

Please return to page 150 and select an answer that matches the
informarion you have, i
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* YOUR ANSWER --- A

No.

Check your notes for the ccrrect equation, aithcugh rhis shouid no
longez be necessary. Importan% reiatronships should become part of yout
physics ''vocabulary' as quickly as possible.

Piease return tc¢ page 32, Check youtr noves before chonsing youu
. next answer.
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YOUR ANSWER --- C

You are correct. The work in this case 1is the ptoduct of the horizonta:
component Fy and the displacement d.

Let us now state a firm and rigorous definition of work as a notebook
entry.

NOTEBOOK ' ENTRY ' -
Lesson iZ

Work and Kinetic Energy

1. Definition of Work ,

(a) Work is defined as the product of the component of force along
the direction of motion and the distance moved as a result of the acticn of -
this component. '

(b} The equation for work may be written: W = Fd where F is the
component of the force in the direction of motion and d is the displacement
or distance moved. . '

(c) Work is measured in newton-meters wr jouies in the MKS system.

(d) 1Iilustrative example: A force ot 18 it acts aL an angie 8 on &
block of wood on a- table. The angle is such that the force may be resolved
into a horizontal component of 16 nt and a vertical component of 9 nt. If
the block moves 4 m along the horizontal table, how much work was dcne?

Solution: Only the horizontal component of the applied .
force is involved in the work; hence W = Fd = 16 nt x 4 m = 64 at-m =
64 joules. ‘

Please tura to page 182 ir the blue appendix.



Here's another simple problem,.involving the principles of work:
A word of caution is in order here., Watch the units very carefully. They

cz1 always be combined by performing the operations dictated by the
defining equation. ’

A boy weighing 120 1b climbs a vertical ladder 13 ft ﬁigh, How
much work does he do? '

(8)

A He does no work.

B 1,600 joules

C 1,600 nt-mt _ v a

D 1,600 ft-1lbs




YOUR 4NSWER --- A

You are rzoczect. The kilowatt-hour (kw-hz: has exac:i.y the same
tocrm s the warr-second (w-sec). Iv Is & piocaus: <f power and time ¢::

ene:g
kweht = P x ¢ = 4?7522 X time = energy ¢: work
The powe:r equaticn, P = Fd,n, is 3180 uSerul in & siighiiy dirre:ent
ryue of computation. For example, in the p:obiem be:row, how dc we get
sseed into the picture?

An electyis moror ig rated te deniver (0 0 kw ¢ powe: . AL whai apeed
1n MEVELE pEe: minute <m/min; .an +his moeol [&4i3€ 3 .oad thal has 2 msse
e 2.9 % 0% kg

We have been using the simpiest :eprésenvariZon tor wook in the pumerate

ot the right side of the power equetion. That is, when we write Fd, we

mean that an unbalanced force F has caused & displacement cf & booy in the
direcrion thar the force ccts. Normally, we wouia indicarve & displacement é&s
A4d since it does involve a change of pesition. if we do that, then the powe:
equarion becomes:

P o Fad
4t
whiibh can be rewrivren this way:
_ ad
P =Fx ya
in this equation, with what could you 1eplace %%i

£39)
A Neither of these answers is corract.
B Acceleration of the body on which the rorce acts.

C Spead ot the body on which the forke acte

ERIC

Aruitoxt provided by Eic:
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CORRECT SOLUTION: : .

Given: P = 10.0 kw =,.".04 warLg = 104 i/sec
m=2.i5 x 10% kg '

Since w = mg, then w = 2.75 x 10% kg x 9.8 m/sec2
: ‘ w= 27,0 x 10" nt = 2,70 x 10” nt

So F=2.70 % 10S ne
P = Fv, hence v = P/F

Therefore: ‘
,04 ..
i j.sec

V=370 x 10° ne

New, dividing j/sec by nt gives us m/sez, because

j nt-m
sec Sec L I
nt = nt - sec Thus v = 0.037 m/sec. .

=)

To obtain the answer in meters per minute, we multiply by 60 sec/min

and get:
| ,v = 2,22 m/min (final answer)
NOTEBOOK ENTRY
Lesson 12
(Item 5) : ‘ ‘ .
) (h) Power and speed are related by thé expressicn: P = Fv

where P = power in watts or j/sec, F = unbalanced force in newtons, and v
= speed in meters per seccnd. '
(1) Copy the problem just coupleted as a sample for this entry.

Please go on to page 90.
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Did you find the right answer for the last problem? 1If not, be more
careful with this next one. o ' '

Energy s expended at the rate of 5.0 x 103 joule/second in causing &
3.2 x 103 kg block to move horizontally against friction on the floor at
2.0 m/sec. Find the retarding force of friction. ’

Write out your solution carefully;.then turn to page 125,
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nihal \/e{ockf\j -« O
I
Lf work 1s a measure of energy transferred, then we should be able to

determine the energy of the moving block by calculating the work {assuming
that all the work done appears in rhe form cf energy of mction.)

Obviously, the work dqne'may be obtained from W = Fd, since the foice
is constant and in the direction of the motion. So W = Fd.

We should now like to find an expression for the energy in texms of
the morion of the body. For claricy, consider this situation: if the mass
m were to come sliding rast you at a velocity v (as in Figure 6 on page 117},
you could be sure that work had been done on the body during some past
interval in order to overcome its inertia and accelerate it from rest to the
velocity v, zven though you had absolutely no information concerning the
- force thaz was used, or the distance over which the fcrce actel. In other
words, the energy of the mass m moving with velocity v should be calculabie
simply from a knowledge of the magnitude of m and v withour reference to the
original force F or distance d. To do this, we must convert W = Fd into '
another equation confaining m and v, rather than F and d. as a stait, we
could replace F with its equivalent using Newton's Second Law of Mctiocn.
What could replace F? :

(10)

a
‘e
B m

a
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This page has been in,erted to maintain contlnuity of text. it 1s
not intended to convey lesson information.

Q ' S
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This page has been inserted to maintain continuity of text.

it is-
not intended to convey lesson information.




YOUR ANSWER -—~ B
This answsr neglects the difference between weight and mass.

Work is a force in the direction of motion times the distance moved.
If work is a product of force and distance, then it cannot be a product of
mase and distance. Force is measured in newtons. You multiplied the mass
of the block (5.00 kg) by the distance vertically (3.00 m) and obtained
~an answer of 15.0 joules.

To find the work in tchis case, you must multiply the necessary fo:ce
to 1ift the block by the distance.

Please think it over. Then return to page 170 and make a better
selection.
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YOUR ANSWER --- D

A newton is a unit of force, not work. 1If the watt-second is :ealliy
a work unit it cannot be the same as a force unit, can it?

If you will remember that a watt and a joule per second are idenii.ai
tnits, you should have no difficulty in choosing the right answer.

"Please return to page 140 and make another selection.’
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YOUR ANSWER ~—- C
Nouv directly.

The equaticn v = at gives the relationship between final velocity,
acceleration, and time. It does not relate distance to the other quantities.

Please return to page 124. Make the selection that meets the
requirements of the question.
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YOUR AMSWER —~- B
The wart is not a unit of energy.

A watt is a joule per second; a joule is a unit of work and we hszve
seen that work and energy are measured in the same units; hence, the
joule is also a‘unit of energy. Then, a joule per second, and therefore a
watt, must be a unit for measuring the time rate of energy usage, not energy
itself. -

Please return to page 27 and select another answer.
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YOUR ANSWER —--- C

You are quite correct. There are two errors in this answer. Most
important is the unit error: The product of force and distance cannct be
expressed as newtons per meter as we have explained before. The correct

~unit is the nt-m; or the joule. Also, since the problem is given to two
significant figures, the answer shculd not have three significant figures, .

d =0.70m
:{F = 3,6 nt
? e )
]
Ft’
Figure 3

You may have noted that Figure 3 has the addition of two forces
besides the unbalanced horizontal force of 3.6 nt. This is a real block and
it has a definite amount of weight, W. But, since it doesn't fall through
the table, it is held in static equilibrium by the reaction force exerted
upward by the table, Fp. We might say that the block is acted on by 2 forces,
F and Fp, while 1t acts upon the table with the force W, its own weight.

Now, here's oir question. F acts on the block and does work to the
extent of 2.5 joules. Fp also acts on the block. How much work does it do?

(6)
A The same as F, that is, 2.5 joules.
B No work at all.

C I don't know.
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YOUR ANSWER --- D

No. This is defined in item 2(a).

You have the wrong item. If you're going to make progrese, you
have to keep your notes neat and in order.

Please return to page 138 and choose again.
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YOUR ANSWER --- B
No, that's ircorrect.

You forgot that, 'in kiﬁetic energy, we are dealing with the square
of the speed. '

Work the problem once more, then return to page 137 please, and
choose an answer that conforms with your revised work.
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YOUR_ANSWER ~== C

The prefix "kilo" means ' 000 times.' Thus, a kilowatt is the same
as 1,000 watrs. When we write '*lowatt-hour, we state that we are multiplying
power times time. :

"Power per unit time," however, states that power is being divided
by time. Some other familiar examples of this are:

acceleration = change of veiocity per unit time = v/ t
and ‘ :
density = mass per unit voiume = m/v
Nete the division sign ia each of these examples, representing the
word ''per." ‘

Hence, the kilowatt-hour (kw-hr) cannot be defined as power per
unit time since it is a product, not a quotient.

Please return to page 145. Choose the right answer this time.




-
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YOUR ANSWER =~~ D
Oh, come now!

) We haven't work with English units in any of our lessons. Why should
we turn to them now? '

Please return to page 128, Stay in the preferred metric system.
, .

v
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YOUR ANSWER ——— D

Work is the product of a force
forces and a distance in the product,
nf work, zould it? * How much does the
the direction of motion contribute to

Please return to page 75; then

and a distance. This answer shows two

This could hardly fit the definiticn
component of force at right angles to
the work expended?

pick a better answer.
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YOUR ANSWER --- B

No.

Acc&leration is defined as the rate of change of velocity with respect
to time, or a = Av/at.

Here we are dealing with a rate of change of dispiacement with
respect to time. This 1s not acceleration.

Please return to page 88 and make a better answer choice.
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YOUR ANSWER --- B

We're not planning to push the block down; we're just going to let
it fall by pulling the shelf out of way s

In that case its initial velocity would be zero, wouldn t it?
There's nothing to determine in this respect then.

Please return to page 157. Yzu should be able to choose the right
answey .
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YOUR ANSWER --- A

You omitted one step in the solution of K.E. = %mvz. Which step is

it?

Correct your work,-return to page 72, and then select the right answer.
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YOUR ANSWER --- A

We disagree.

So far, our definition of work states that W = Fd, since the propor-
tionality constant has dropped out. Substituting in this simple equation:

W = Fd
W=3,6nt x0./0m
W= 2,52 nt-m

And since we are working to two significant figures, the answer should be
given as W = 2.5 nt-m.

There is one answer, however, that is definitely incorrect on two
counts. Return to page 119, find this answer, and indicate your selection
by picking the associated letter choice.
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YOUR ANSWER —-- B

This choice ot answer indicates thai you must have obtained an
incorrect result for your calculaticn.

Perhaps the errcy was one of arithmetic. Before going thrcugh the
work again, ler's brieily check the points made thus far,

{1* We have shown that 14] joules of work were done in raising the
5.00-kg block through a distance of 3,00 meters.

£2) We decided ithat. che block could not have any kinetic energy
after coming to resi: on ihe sheli, simply because it was not in motion and its
velocity was zero.

{37 But, having done 147 joules of work on the block, we felt that
we must have added emergy to it. 1f this added energy is not K.E., then it
must take some other form.

{4) We then said that the energy was stored in the block in the form
of so-caiied potentizl enexgy.

{5} Te test this theory, we then computed its K.E. when the biock
fell to its oc:iginai position. Finally, we ghall want to compare this K.E.
with the original werk done in the P.E. “storage" process.

Please return tc page 139 and select another answer.
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YOUR ANSWER -=- A

This expression is applicable only to motion with uniform velocity.
It may not be applied to uniformly accelerated motion, such as that of a
ball in free £fall.

You are looking for an equation which relates time and distance,
since you know the distance of fall and want to find the time required.

If necessary, review the appropriate equations inlyour notebook.
Then return to page 51 and make another choice.




YOUR ANSWER ——— A

You apparently missed the point. Observe in Figure 5 on page 75 that
the force F acts at an angle to the horizontal plane (8), but that the block
moves along the horizontal line in covering the distance d. Our latest
tentative definition of work requires that, if work is to be done, the mction
must be in the direcrion of the force. Since the motion and the force arz
not in the same direction, then the work cannot be the product of F and d.

Read over the text again, particularly the part about the resolution
of F. Then select your answer carefully.

Please return t¢ page 75 and try again.



112
" YOUR ANSWER --- B

Let's analyze your answer carefully. I1f the magnitude of mgh' was
actually smaller than that of mgh, this would mean that the potential
energy at {(3) of Figure 10 on page 81 was less than the potential energy at
(2). Now, at both positions, the kinetic energy is zero; hence the P.E. is
the total energy of the system.

Do you see the implication? When you select this answer, you are
saying that some energy vanished altogether in the transition of the first
swing of the pendulum. Werking under ideal ccnditions as we are, this
1s quite impossible according to the Principle of Conservation of Eneigy.
Ail the P.E. of the raised bob in position {(2) mustr have become transformed
into K.E. in position (1) which, in turn, reverted to P.E. when the bob
reached position (3).

So--how could the P.E. in position (3) be smalier than that of
position (2)?

Please return to page 8l. You should be able to seiect the right
answer wWithout difficulty now.
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YOUR ANSWER —=- D
This is not true.

One of the given answers is quite correct. The thing to do is to let
kinetic energy equal the work performed.

Try again.

‘Please return to page 123,
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CORRECT ANSWER: The potentisl energy of the sprihg was 0.50 j.

This answer results from these cemsiderations:

{1} The work done on the spring in stretching it 0.20 m 1s
W=Fd=2.5nt x 020 m = 0.50 joules
{27 Under ideal conditions, the porential energy is equal to the
work done in causing the distortion. Hence, P.E. = 0.30 j.

When the spring is released, its kinetir energy as the loop at its end

passes the original rest position is aisc 0.50 jcules, since alil the P.E.

oxriginally stored in it has been converted ts K.E. at this point.
|

The explosive charge propelilng a builet has chemical potenvial
energy which, for simplicity, may be viewed as energy stored in the
"distortion" of the molecular structure ot the powder.

Suppose a 4.0-gm bullet is given a muzzle velocity of 700 m/sec by its
charge. Can we find the potentia’ energy cf the powder using only this
data? Yes, we can.

Find' the kinetic enefgy of the bullet as it lieaves the gun, then convert
this to the potential energy of the charge propelling the pellet.

What's the answer?
(21)

A 1,960 joules.

B 1,400 joules.

C 980 joules.

D None of these answers is right.




YOUR ANSWER --- B

Do you recall that we emphasized the level of position (1) of Figure 9 .
on page 90 as the zero veference level? Then, when the bob passes through
{1}, its height is zero. Therefore, with reference to this arbitrarily chosen
zero height, the potentiail energy of the bob must also be zero since

P.E. = mgh
P.E.=mxgx0=0

On this basis, your answer cannot be correct.

Pilease return to page 62 and choose the correct answer.
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YOUR ANSWER --- B

You are correct. The weight of the safe does not enter into the solu-
tion of this problem. :

The horizontal force is 450 nt and the horizontal displacement is 2> m;
hence from W = Fd we have:

W =450 nt x 25 m = 11,250 joules, or to two significant tigures,!
W =11,000 joules. ‘

Our definition of work as the force in the direction of motion times
the distance moved was developed to agree with the idea that equal amounts
of fuel will supply equal amounts of energy. . Will this definition provide
us with information about the energy possessed by a moving body? If it cannot
do so, it has little value as a definition.

To continue, please turn to page 117.
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In Figure 6, a constant force F is applied to a mass m on a friction-
less table. The mass accelerates as a result ot the force, takes on new
velocity, and travels the distance d while the force is acting.

Work was done by the force F on the mass m according to our defini-
tion. This work is the measure of the energy transferred to tne mass m
according tc cur definition. Ncw we should like to find an expression for
the energy in terms of the motion oif the body.

As the diagram shows, the mass starts with an initial velsccity equal
to _and accelerates to a velocity v, Write the missing word, then
turn to page 91,
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YOUR ANSWER --- C

Any or all of the listed characteristics could be found from this
data. However, we asked for the one that could be found most conveniently.
By this we mean, which relationship--the equation for finding work, K.E.
or P.E.--can use these data as direct substitutions?

You answered potential energy. But to find P.E., you must know the
weight of the stone and the height to which it was raised. Neither of these
quancities is given in the data, hence it is not convenient to firnd P.E.
first.

Please return to page 171; then pick a better response.



YOUR ANSVER --- A

You are correot.
w - k"Fd
Wa (L) x nt xm
W = nt-m.

You will remember that we sometimes give another name to a derived
unit to reduce 1its awkwardness. We did this with the unit of force, the
kg-m/sec? by calling it cne newton.

The same thing is done with the unit for werk, the newton-meter. It
is called s joule after James Prescott Joule, the English scientist who
contributed much of mechanics to physics. (For the promusnciation of the
joule: There are ptobably as many authorities who proncunce it "jewel,"

- as there are who say "jowi.'"! So remember: 1 joule = 1 newton-meter.

Before continuing, please turn to page i8{ in the blue appendix.

d » 0:70 m

artre e -

<

[prm—— s ey

|LE= 3.6 nt

po s et e e

pracc

Figure 2

Suppose, as in Figure 2, a force of 3.6 newtons is applied horizontalliy

to move the block a distance of 0.70 meters. Energy is required to overczome
the friction between the block and the vable upon which it rests. Which
answer below does NOT properly express the work done?

{5)

A 2.5 nt-m.

B 2.5 joules.

C 2.52 nt/m.




~ YOUR ANSWER -~-— A

You are correct. At ground leJ el, cr referen:e 2erc level, the height
of the ball is zero so that its potential energy is zero, too. All of the
P.E., however, is tranformed into K.E. at the time of impact.

Getting back to our problem, we have seen that at t = ¢, the P.E. =
432 j and the K.E. = 0; that at t = 3,00 sec, the P.E. = zero and the K.
= 432 j. Our next task is to find the distribution ¢f ene:gy ié:
sec. :

E
1= 00

We'll do this in several steps, and at the same vime, stiess au vefy
important idea. Let's start by finding the P.E. ¢i vhe baii at ¢ = ..00 sez.

The ball starts to fall from a height of «4.1 m. First iet's aetermine
how far it fell during that first second and then, by subtacting this figure
from the original height of 44.1 m, we can find its height above ground at
the end of 1.00 sec. From this, the P.E. follcws easily. Thus:

d = %atz

(This is the equation for distance in free rali where a = g = 9,80 m;sec2,4and
t = 1.00 sec,)}

so @ = 7

Work ‘this out to three significant tigures, write your answer, then
turn to page 58 to verify the result,




YOUR ANSWER -— C

‘ Corcect! The watt is the same as a joule per second. A joule is
a unit of work {(cr energy); hence the .joule per second is a measure of the
vime rare of dsing work or expending energy which, of course, is the same as
power .

NOTEBOCK ENTRY
Lesson .2

(Item 5}

(e} One joule = 0.738 fr~ib. Thus, the joule is smaller than the foot-
pound. Roughly, i joule is 3/6 cf a ft-1ib. .

{£) One horsepewer (HP) is deiined as 550 ft-l1b/sec.

(g} 1 HP = 550 fr~lb/sec = 746 j/sec = 746 watts.

We promisec thar there would be no problems using English units, but
we should solve a tew samples in the MKS system. We'll run threugh a simple
cne first.,

An electric motor which runs & drill piess consumes 500 watts of
electrical power. Assuming that all the electricity used is converted into
ugeful mechanical work, how much work does a drill press dc each minute that
it tuzns?

(38)
A 500 watt-sec.
B 500 joules.

C Netther of these.




YOUR ANSWER --- C

You are absolutely correct. Both answers are wrong. Here is the
right solution:

= 2.0gm=12.0x 10_3 kg

=]
|

- 6,0 cm/sec = 6.0 x 10‘_2 m/sec

<
1]

K.E., = 2.0 x 10-3 kg ; (6.0 x 102 m/’sec)2

36 x 107 3 = 3.6 x 1070 §

~
=
n

We have seen that work (W = Fd) is used as a meas-ire of the amount
of kinetic energy given to a body. Throughout our discussion thus far, we
have implied that all of the work done on a body is used for the sole purpose
of giving kinetic energy to it. In other words, we assume ideal conditions
in which there are no friction forces of any kind to force us to do work to
overcome them. Later we shall study the effect of friction, but for the
present, let us continue our analysis on the basis of ideal conditionms.

Please turn to ﬁage 123.
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Aruitoxt provided by Eic:

Let's emphasize again that under ideal conditions the kinetic energy
acquired by 3 mass is exactly equal ro the work done upon that mass in
transferring energy 10 it. As an illustration of this, how would you answerx
the following question:

A boy pushes horizontally on a 72-kg frictionless cart with a censtant
force of 64 nt untii it attains a speed of 4.0 m/sec. Over what distan:e
did this constant force have to act on the cart?

{153
A 2.25 m.
E 9.0 m.
C 18.0 m.

D Nene oi these 1s correct-



124
YOUR ANSWER --- C

Certainly it can! 1In Figure 6 on page 117, the constant force F
causes the mass m to accelerate at a rate a; hence the Second Law is appli-
cable, and we may say that F = ma. Thus, in: W = Fd, we may replace the
F with ma and obtain: W = mad. '

Now let us proceed further. In the lesson on uniformly accelerated
motion, we derived an expression which relates the tinal velocity of a body
starting from rest to its acceleration and the distance it travels. To
refresh your memory you may go back to the notes on Lesson 6 (Item 3}.

Choose from the 1list below the equation which gives the relationship
between final velocity, acceleration and distance.

(11)
A v2 = 2ad
B d= %at2

C v = at
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CORRLCT SOLUTIGN:

P = S0 x ﬂOf iisac These fazts are given. Buy note that the
wo= 3,2 % 10° kg mass of the bleck does not enter into the
v = 2.0 misec - galsulations. First, we find the unbalanced
fewge zpplied ro the block thus:
P = Fv i3 ‘
50 o .
F s Pjy = JHONx 10° j/sec
2.0 m/sec
F=2,5% 103 nt

Now, since the bincsk moves with uniform speed horizontally, the unbal-
anced applied force F must exastly overcome the force of friction; hence the
two are egqual and

9

10° at

Frric = 2.5 %

[

Obviously, the applied force and the rerarding force act in oppssite
direction. Sincte they are equal, the block is in dynamic equilibrium
horizontally; hence it maintains & constant speed.

Now that we have mentioned direcriomns~-really for the first time in
this lesson--we might expect you te ask absut the vector cr scalar nature
cf work, emergy, and power. Have you wondered whether these are vector
oY scalar quantiltiesi You shouwléd have, youv know.

Curiousiy encugh, work and energy are scalar quantities. The proof
of this statemenr must awalt your stidy of higher mathematics, so you must
accept this statsment on faith for the present. Power is a quotient; it
is the rate of doing work, expending ensrgy, or work per unit time. Now,
if work is a scalar and time 1s alsc a scalar quantity, what must power be?

{40)
A& A vector quan ity.

B A scalar gquantity. -

ERIC

Aruitoxt provided by Eic:
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YOUR ANSWER ——— A
This answer is incorrect.

The determination of the bullet's K.E.

as it leaves the muzzle of the
rifle involves:

K.E. = bmv?

To get the above answer,

did you forget to follow one of the directions
implied in this equation?

Check the equation again.

Please return to page 114 and select a better answer,



[
WS

Now let's turn our attenticn to the total meomentum of the system.
Designaring vightward motion as {+) and leftward motion as {-), then

total p o= myv v {-my)

Thus, fcr balis of 0.20 kg each with velocities of +10 m/sec and
-10 m/sec respectively, what is the total momentum of the system?

A The total momentum of the system is 4.0 kg-m/sec.
B The totsal momeuntum 6r the sysrem is 20 joules.

The total momentum o the system is zero.

O

O
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YOUR ANSWER -~- C

You don't have to ''determine" the acceleration of the block as a
freely falling body under ideal condijtions., You should know its value.

In solving this problem, we shall want to know the acceleration of the
block as it falls. What value will you use? (Refer to Figure 7 on page 120).

(19)
A 9.8 m/sec
B 9.8 m/sec2
C 980 cm/sec2

D 32 ft/sec2
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YOUR ANSWER —-- C

Almcst, but nor quite. Perhaps you noted that the units given were
pounds and feet, but were not tlear on how to combine these units. Since
there i1s no single word in the English system tc take the place of ''jcule"
in the MKS system, we form the English unit of work in the same way we com-
bined units for cur original metric term. You should be able to select the
right answer now.

Please return to page 8/ &nd choose again.
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YOUR ANSWER —=-- D
This 1is incorrect; one of the answers given is correcrt.

The determination of the bullet's K.E. as it leaves the muzzle of
the rifle involves: . :

K.E. = %mv2

In deciding on the above answer, did you forget to follow one of the
directions implied in this equation?

Check the equation again.

Please return to page 114 and select a better answer.



O
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YOUR ANSWER ~~- A

Actually, any cor all of these quantities could be found from this data.
However, we asked for the one that could be found most conveniently. By
this we mean, which relationship-~~the equation for finding work, P.E. or
K.E.~-~can use these data as direct substitutions?

You answered work dome. But to determine the work done YOU must
know the force applied and the distance through which this force moved the
stone in raising it from the ground to its final height.

You don't know either oi thaese facts directly; hence it would ncr be
most convenient as a rirst step to find the work done.

Please rertuvin te page t71i. Choose an answer that meets the
qualifications of the aata.



YOUR ANSWER --- C’

You are correct. When the substitution and simpiification are handled
properly, you obtain W = mad and since a = v2/2d then W = m x (vz/Zd) X 4 s0

2

This last relationship states that the original work done by the constant
force F moving the mass over the distance d has been used to give the body
an amount of energy equal to %mvzo We have succeeded, therefore, in ex-
pressing the energy of the body in terms ot irs mass and velozity, witlhowt
any reference whatever to originai fozce that did the work, or toc the ailstance
that the body moved while the force acted: Thus, this statement of the
quantity of energy in the moving mass dces not depend on its history. Any
mass m moving with a speed v has an amount of eneigy equal tc mvé :egardless
of trhe method used to transrer the energy to it.

The energy of a mass in motion is calied kinetic energy to distinguish
it from another type of energy to be discussed in the next lesson. We will
symbolize kinetic energy as K.E. In view of the method used to derive the
equation K.E. = %mvz, which of the following would be a suitable energy
unit in the MKS system? '

£13)
A The joule.
B The foot-puund.

C The newton.



YOUR ANSWER —-- A
Not always.,

In any conversion from P.E. to K.E., after most of the potential
energy has been expended in increasing the velocity of a mass, the K.E. 1is
much greater than the residual P.E.

Similarly, in a conversion involving a change from K.E. to P.E., the
K.E. is much greater than the P.E. when the process first begins.

Please return to page 167. Chcose a better answer.
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YOUR ANSWER --- A

Not quite. Let's remember tc¢ keep the units right. You know that
acceleration cannot be measured in meters per second.

Please return to page 128 and select the right answer.




CORRECT SOLUTiON: We hope you used the easy way.

At a height of i2 meters: P.E. = 2h = 8.0 nt x 12 m = 96 joules. The
totai energy of the system is, ¢hen, 96 joules. Halt-way down, the height
is hazlved; hence the P.E. is alsc haived. Thus, the new P.E. is 48 joules.
But sinze the total energy = K.E. = F.E. then the K.E at the halt-way matk
1s alsc %8 joules.

NOTEBOOK ENTRY ' :
Lesson 12 :

fIrem 43

idr In the case of a body in tree raii, potential ene§§y changes
lineariy to kinerit energy, since potential energy 1s directly proporricnal i
to height above the reference zerc. 7To tind the K.E. of a body in free ‘
fall at any height, determine its P.E. at the initial height and its P.E.
at the required height. The difiference between these is the K.E. of the fall-
‘ing body at that height, provided thatr the falling body started from resc.

Before conciuding this lesson,; rhere is another kind of physicas
quantity we must discuss. To illustrate this quantity, we should like to
tell you a short anecdote.

Tern to page 136, please.
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A horse dealer advertised two work horses for sale. One, a shiny
brown stallion, was to sell for $800; the other, a beautiful black mare, was
to go for $600. A farmer who looked at the horses saw that they were both
in good shape and appeared equally strong. He pointed to a wagon full of
hay and asked the dealer if the brown stallion could pull the wagon tc the
top of a nearby hill. The deal said, '"Yes." The farmer then asked it the
black mare could pull the same wagon up the same hill and again the dealer
said, "Yes."

"But," said the farmer, "if both horses can do the same job, why
does one cost $200 more than the other?" What do you think the dealet
told him? Think it over! Then turn to page 24,
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CORRECT ANSWER: The kinetic energy ot the meteor 1s 2.0 x 1013 joules.

We hope you remembered to square the speed. That is:
K.E. = EEE . 4.4 x 10% kg x (3.0 x 10% mjsec)?
E. 5 5
2.2 x 10% kg x 9.0 x 10® n2;sec? = 19.8 x 1012 joules

[}

20. x 10!? joules to two significant figures, or gig_§.1013

joules.
Note that joules is u. abbreviated j. The meteor has a pretty
large kinetic energy, doesn't . Ycu'd expect it, ot course, because 1t has

a large mass and a large velocity.,

-

Now let's compute the kinetic energy of a 2.0 gm block moving along
a frictionless table at a speed of 6.0 em/sec. (Watch those units!) What
is the kinetic energy cf this block?

(14)
A 3.6 x 1078 4
B 6.0 x 107 j

C Neither of these.
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YOUR ANSWER —--- B -

You are ccrrect. There is mocre than enough experimental evidence
avallable tc permit us te c¢onclude thar this always happens.

A system starts with a certain amount of enexrgy that has been put into
it by work done on the system. Regardiess of the kinds of conversions cf
energy that occur, P.E. to K.E. and vice versa, the total energy is always
the sum of the individual energies at any given time. Or, under ideal con-
ditions, the totsl energy of the system remains comstant, that is, energy 1is
conserved.

NOTEBCGOK ENTRY
Lesson 12

4. Conservation of Energy for Idea! Conditioms
(a) Ideal conditions are conditions for which friction, air,
resistance, and allied effects are considered to be zero.

(b} Under ideal conditions, the energy of an isolated system is
conserved. Work may be transformed to either potential or kinetic energy,
or one kind of energy may be converted to the other, without loss or gain.

t¢! In an ideal interaction, the toral energy of the system is
the sum ¢f rhe pctential and kinetic energies, regardless of the conversions
that may take place frem ome kind to the other.

Before continuing, please turn to page 185 in the bilue appendix.

Notebock Check

Referring to the notes tor this lesson, what does noctebook entry 1(c)
teil us? -

{28)
A 1t presents the equation icr work,

B It presents an illustrative example.

C It gives the units of work.

D It defines kinetic energy.

ERIC

Aruitoxt provided by Eic:
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CORRECT ANSWER: Teu mighr have written either of these twe foums:

-

. cantrs A 2 .
Vit v =i Za ¥4 $2; v© = 2ad

We want to find the K.E. of the bicck as it reaches the ground after
having failen freely irom resr ifcr 3.00 meters., Since K.E. = %mvz, it is
sensible to use equationm 312}, because it is the square of the velocity that we
shall uvltimately substitute in the K.E. equation.

Are you with us? We'll find the vaiue for v°, as we have sald, by
"w.n

applying equation (2} abcve using 9.8 mssec? for "a" and 3.00 m for "d" So,

v2 = 2 x §,.8 misec2 % 3,00 m

v2 = 5§ .8 mzjsecz

2, All right. We know that che mazzs m is 5.00 kg and that v* is 58.8
m“/sec?, Calculate.the K.E. of the block as it strikes the ground., When you
have the answer, please select the smiy pertinent tyue statement below.

(263

A We were justified in saying that 147 joules of energy were stored
in the block as the yvesult ¢t the 147 joules ot work done in
Yalsing it.

B We wersz not justified in saying that the work done in raising the
blozk to the shelf was stored as potential energy in the block.,

C The answer cbtained to: the K.E. ot the blocck does mnotr justify
any conclusion at ail.
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YOUR ANSWER --- C

You're right.

From the definition cf power we have:

="
P =1

Since work is to be determined we must solve the equation for W:
W= Pt

The power consumed is 500 watts and the time under consideration is
1 minute. Now, a watt is a joule per second (or a j/sec) and i minute is
60 seconds, so

= 500 j/sec x 60 sec

W = 30,000 j

_ Very o”"ten, especially in flash photography, you will run across
a unit called th: watt-second. (w-sec). Look at the solution above care-
fully while you try to choose the only true statement from the group below:
What is tlie watt-second?
(37)
A A unit of force and is the same as a newton.
B A unit of energy and is the same as a joule.

C A unit of power and is the same as a joule.

D A unit of work and is the same as a newton.
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You have now completed vhe stcdy porticn cof Lesscn 1¢ and your Study
Guilde Computer Card znd A V Computer Card should be prscperly punched in .
accordance with your perfcrmance in this Lesscn.

You should now proceed rc cocmplete your hémework zeadlng'ahd problem

assignment. The probiem soluzicns = be cliearly writren out on 8%" x ii"
ruled, white paper, and then submi with youy name, date, and 1dentitica-
tion number. Your instructvor will , .de your pricbieém work in terms of an

objective preselected scaie cn & Picoiem Evaluarion Compurer Card and add
this result to your ccmputer profile.

You are eligible for the Post Test for this Lesscn only atter your
homework probiem scivzions have been submitted. You may then request the
Post Test which is to be answered on a Post Test Compurer Caxd.

Upon ccmpletion oi the Post Test, you mey prepatre for the next Lesson
by vequesting the appropriare
1. srtudy guide
< PICgi&m CONL:cs waLiix
. set of computer cards for the lesse¢n
. &audlo tape

R SO VN N

If films or other visual aids are needed for this lesson, you will
be so informed when ycu reach the pcint wherve they are vequired. Requisition
these aids as you reach them.

Good Luck!
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YOUR ANSWER --- D

You are correct. In climbing the ladder, the boy uses muscular force
to press downward on each rung, and the rungs push upward on him with the
same force. So, to raise his weight of 120 1b, he must push with a force of
120 1b, the reaction force being in the direction of the motion.

So that you can convert these figures to metric MKS units, make this
notebook entry:

NOTEBOOK ENTRY
Lesson 12

(Item 1)
(e) Conversion Ratios

1 pound = 4.45 newtons
1 joule = 0.738 ft-1b

Apply the principles you have learned thus far to the sclution of this
problem: A 400-1b (1,800 nt) safe is moved along a level floor by an applied
horizontal force of 450 nt, If the safe is moved 25 meters, how much work
is done?

(9)
A 10,000 joules.
B 11,000 joules.

C 45,000 joules.




YOUR ANSWER ~-—~ B

You are correcy.

In rhe anecdcte about the horse~desler and rarmer, 1t should have
been quite cbvious that tlhe horse that could get the job done faster would
be more valuable. The idea of speed, of course, involves the time required
to do z specified amount of work.

The same is true of the becok-stacking ex:smple: You would be a more
desirable employee than your iittie brothex beciuse you couid stack the books
10 times as fast 4s he could. Here again, the time ycu would need tc compiete
a particular job would be tonsiderably smalle:x.

From a practical point of view, then, we need a physical means by
which to grade a horse, = machine, o7 a person &s to ability tc get a job
done quickly. So we preoceed o invent such a means by defining a new quantity
called power.

NOTEBOOK ENTIRY

{a) Power is deiined as the time rate cf doing work.
(b) This definition in-the form of an equation is:
W Fa
P = T ©f P = S
ic) As shown, power is Llnversely pioportionsl ro the time requlyed
tc do a speciiic zmount c¢f work. That zs, an animal or machine that needs
mere time to do the work has less power, comparativeiy.
{(d7 In the MKS system, the unit of power is the jssec or joule per
second . ’

A 500-nt boy can climb a 6.0-meter ladder in i5 secomds. What power
does he use? '

(34) .
A 45,000 j/sec
B _200 jisec
C Neither answer is coriect.

O
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CORRECT ANSWER: The potential energy of the ball at & height ot 39.2
meters is: P.E. = wh = 9.8 nt x 39.2 m = 384 joules.

Write this figure down and put it aside for later use.

The next step 1s to calculate the kinetic energy of the ball after it
has fallep for 1.00 sec. Since K.E. = 4mv?, we must compute the
of the ball at this time. What's the missing word?

(25)
A Mass,

B Speed.



YOUR ANSWER --- B

Geod work! You're absclutely cerrect. A watt is a joiulie pe: seccnd
if we now replace the watt with the joule per 'seccnd, we have this:

1 watt-geccnd = . jouiesser x sec = . soule

The joule and watt-second carn be tsed interchangeably in anyv probliem
In straightforward mechanics situations, the jouvle 1s usually preferred;
but when electricity is involved, the watt—-second is citen employed.

You probably know that your electiic bills are based on ~he readings
of the power company's kilcwart-hour meters. These may be located in youx
basement, in an apartment &ncicsure, o in & waterproof housing outside your
hcuse, Make 1t a point to inspe:t one cf these meters and assuie yoursel:
that it measures kilowatt-hcurs. Ask your troiks tc show you one of theix
bills and observe that the charge is based cn some figure such as 5 cents
per kilowatt-hour.

What is the kilowatt-hour?

It is a unit of .
(38

A Energy.

B Power.

C Power per unit time.
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YOUR ANSWER -~- B

You are ceoirect. Power 1s a quotient of two scalars; hence it, tco, :is

zalar .

[(4)

=

Thus, work, energy, and powe: are all scalar quantizies. When a man
¢t machine does work or expends energy, it makes nc ditterence as to the
direction of the force in W = Fd, tor the work done is merely a number and
a unit without divectional signiiicance. (f a wmachine produzes 15,000
jouies or energy, this is the energy ocutput regardless ¢t the direction :in
which motion may ccouk.

§¢ this with mementem. Mementum is & vector quantlty and its
t always be specified 1ir we are to know how it acts.

Fotr example, a billiard bail rolls along & table from the north
gide toward the south side with a uniform velocity of 10 m/sec. If the mass
of the ball is 0.20 kg, then the momentum of the ball 1s .

'3 = mv = 0.20 kg x 10 m;sec ~ 2.0 kg-m;sec toward the south

and ite kinetic energy is

K.E, = lfsz2

= 0.20 kg x 100 m%/sec? . .
7 = 10 joules
As you venture into more advanced physics, the vector natuie of
womentum and the scalar nature of energy will assume increasing importan.e
in your thinking.

Please turn tc page 83 to continue.



YOUR ANSWER ——- A
You forgot something:

The equation for kinetic energy is K.E. = lﬁmv2 not mv.

Does this give you the clue to your mistake? We hope'so°

Please return to pagé 123, Choose the right answer this time.
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YOUR ANSWER -—- C

You are right. The equation we want is: K.E. = %mvz.

We know the mass of the bomb is 1,020 kg. We are also told that the
bomb falls 2/3 of the way down from its ¢riginal height, a distance ot 6.00
% 103 m. The velocity at this height could then be found from:

-

v¥ = 2ad = 2gh

So, the kinetic energy is:

K E = 1.02 %107 kg x (% 9.80 msec? x 6,00 x 10° m)
E. ;

K.E.

1.02 x 9.80 x 6.00 x 10% = 6.00 x 107 joules

7 After the bomb has fallen 2/3 of the way, its kinetic energy is 6.00
x 10° joules,

Now, how about the simpie way to do the same problem?

Please turn to page 149.
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Suppose we calculate the P.E. of the bomb at the altitude c¢f the plane:

P.E. = mgh = 1,02 x 103 kg x 9.80 m/sec? x 9.00 x 10° m

9.00 x 107 joules.

After the bomb has fallen 2,3 of the way down, its height has decreased
by 2/32. Hence its P.E. has decreased by 2/3 of its former value, and thus 2,3
of the total has been converted to kinetic energy. Thus,

K.E. = 2/3 x 9.00 x 107 joules = 6.00 x 10’ joules

You see, we get the same answer without becoming involved with vz = 2gh.

What is the kinetic energy of an 8.0-nt ball that has fallen hali-way
down from a height of 12 meters? Write your solution; then turn toc page 135.
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YOUR ANSWER ~—- C

You are correct.

Since work is calcilared using W = Fd, then the weight or the bloik
must be determined from 1ts mass, Newton's Second Law states that:

]

, w = mg 5
so that: w 5.00 kg x 9.8 m/sex
w = 49 ng

n

Then: W=1249nt 5 3.00 m
= 147 Joules

So far, sc gcod. Now, in moving the bilock over path BC in Flpuie
on page 170 which is horizontsai, theie are no retarding forces acting on it
at all; gravity has no horizontal component and we assume friction is ze:ic.
If there .are no retarding forces, then no torce 1s required to keep the bliock
moving horizontally toward the right. It is first accelerated and rhen
decelerated tc its final position, where it 1s at rest. Thereto:e, e wozk
is done in moving the block alemg path BC.

The teotal amount of work dene, then, in placing the biock ¢n the sheli
18 147 joules. Let's bear this in mind. Now the block rests mozicnless cn
the shelf. How much kinecric energy doés 1t have!?

L
-
~
~t

A "It has no kinetic eneigy.
B It has 147 jcuies of kinetic enezgya

C The data given 1s not sutticient to calculate the kineti: eneigy.

O
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YOUR ANSWER -~- C

The vector nature of momentum compels us to conclude that when two

- balls of equal mass and speed, each moving in opposite directiomns, are
considered as a system, then the total momentum of this system is zero.

This is quite reasonable. Suppose the balls were made of putty; suppecse
further that if they were allowed to, /collide head-on, they would stick
together in an inelastic collision. Then you could predict, aimost intui-
tively, that they would come to a dead stop after impact, the final speed
being zero. In that case the total momentum would also be zero. Note

that this result can be obtained only if the masses are equal and the speeds
have the same magnitudes in opposite directions.

‘But what of the balls' energies in the same collision situation?
Here again, since the balls come tc rest, final speed is zezc. Then the
kinetic energy, toc, must be zero. This creates an apparent 1nconsis?€ncy:
1f the net K.E. of the system is the sum of the individual K.E.'s beioie
collision and it is zero after collision, what happened to the Principle of
Conservation of Energy? No such inconsistency is associated with the
interchange of momenta, because the vector nature of momentum tells us that
the total momentum is zero before and after the collision. But this does
mot apply to kinetic energy.

We leave ycu with this dilemma in closing this lesson. Think about
it. The problem will be resclved in the next lesscn.

Please go on to page i52.
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In summary, work 1s defined as the product of the component of a for:e
aleng the direction of motion and the distance moved as a result of the acticn
of this component. In other words, work is Jirectly proportional to the
component c¢f force causing motion and to the magnitude of motion thus produced.
In mathematical shorthand this reads:

W= Fd

Remember that F is the component 1in the direction of mozion and
rhat d is the displacement caused by the component.

In the MKS system, work is measured in newton-meters, since F is
stated 1n newtons and d is stated in meters. For brevity and c<onvenience,
4 newton meter is callied a joule, abbreviated 3.

Please ruin tc page :4l.

ERIC
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YOUR ANSWER -=-- A

You are covrect. Since the definition of kinetic enexgy was obtained
directly from the definition of work, then energy and work units must be
identical. In addition, if you substitute wnits in the K.E. equation, the
result is joules. Thar 1is:

2
KE = lzmv2 = kg ¥ Ser? OF breaking this up inuo two parts,
S \
K.E. = K80 x m = newton-meters = jouies.
set
v& }
R Kw;'sr
nt,

NOTEBOOK ENTRY
Lesscn 12

2. Kinetic Energy

(a) Kine+i: energy is energy transferred to a mass in the form of
an inc¢rease of velocity.

{b! The kinetic energy ot & body starting from rest 1s equal to the
work done in causing the body to attein its state of motion.

" {c¢! K.E. = Ymv?, Regardiess of the methcod used to cause mass m to
take on a given velozity v, its kinetic energy is always measurable as one-
half the product of its mass and the square of its velocity.

' (d) Kinetic energy is measured by the work done to cause a mass
to achieve a given velocity Sfatting from rest; hence the energy unit is the
same as the wo:k unit, namely the joule.

Imagine yourself ip & space ship looking out through the cbservation
port. Suddenly, in the distance, & w2teor appears; you grab your super-
instruments and measure its mass and speed as it goes by. Its mass is
4.4 x 100 kg; its speed is 3.0 x 102 m/sec. a quick calculation shows its
kinetic energy to be joules. What answer do ycu get? Write ir;
then please turn to page 137.
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This page has been inserted to maintain ccntinuity of text. It 1s
nct intended to convey lesson information.
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YOUR ANSWER --- A
Quite right. 1If the block is at rest, then v = 0 and K.E. = kmv” = 0.

~ But think a moment. It required 147 joules of work to get the biock to
the shelf. And we know that work is a measure of energy. So, if 147 jecules
of work were done on the block, it has to have 147 joules of energy,
somehow. Otherwise much of the reasoning that led us to this point in cu:
study has been meaningless. '

_ The anewer, surprisingly, is quite simple. The block dces have L4/
joules cof energy, but it is not kinetic energy. This type of energy is called
potential energy, abbreviated P.E.

Here's how we arrive at this conclusion. We have done 147 joules
of work to raise the block to the shelf. If the shelf were now removed, the
block would return to the ground as a freely falling body gathering kinetic
energy as it accelerated. Thus, in its raised position on the shelf, we
have apparently stored in the block a capability to produce kinetic energy
if the block is allowed to return to the position where work began. This
stored capability is called potential energy (P.E.) because it can turn into
kinetic energy. .

Please go on to page 157,
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The argument is convincing, but needs just a bit of quantitative
bolstering to really tie up the loose ends.

We propose to show now that there are 147 joules actually stored in
the gravitational field between the block on the shelf in Figure 7 on page
170 and the earth. The method is mathematical, but quiie easy to follow.
We'll calculate the K.E. that the biock will develop as a freely falling body
when allowed to drop to the ground from the height at which it now rests,
3.00 meters.

The mass of the block is 5.00 kg. What quantity should we determine
now in order to calculate the kinetic energy acquired by the block at the
instant it reaches the ground?

(18)
A 1Its velocity when it reaches the ground.

B Its initial velocity.

C 1Its acceleration as a freely falling body.
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YOUR ANSWER --- B

Your choice indicates that you didn't watch clcsely encugh; the "v"
in the given equation was not squared. Perhaps you just dorn't remembe:
the equation; in that case, you had better use your notes to refresh yout
memory. -

Please return to page 32, You should be able to pick the zight
answer.
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YOUR ANSWER ~~- A

This is not correct.

Work is done on the block, because a force must be exerted upward
on it to raise it from the ground. If the force is a constant one, then it
must continue to act over the entire distance of 3.00 meters. So, we have
a force in the direction of motion and a distance moved; this automatically
means that work has been done on the block.

Please return to page 170 and try again.
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YOUR ANSWER --- D
This is not true.

One of the answers does contain just such a quantity. Vertical
distance is height, and a ladder is a means- of attaining height. What new
concept or idea has been introduced?

Please return to page 24. You can find the :ight answer.




YOUR ANSWER --- A
You misinterpreted the definition of power.

Power is tie time rate of doing work and is calculated from:

W
P =
Note that the t is in the denominator. Apparently you thought it was
in the numerator. and mulviplied the work by the time. This is, of course,
incorrect. '

i Please return to page 143 and select another answer.
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YOUR ANSWER —--- A
This is incorrect.

The way to determine the meaning of a derived unit like the watt-
second is to replace the watt with its synonymous unit, the joule per second,
and then simplify the combination, if possible.

Try it. Then please return to page 140 and choose the right answer .
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YOUR ANSWER --— A
This is not correct.

The substitution brings about this first result:

W =m x %E-x d

I

a

But when this is simplified, you don't get the answer you selected.

Please return to page 82 and choose a better answer.




164
YOUR ANSWER ——— C

You are correct. Speed is defined 4d/4t, or change of displacement
with respect to time. (Note: Ad/At is a definition of velocity, if the
situation calls for vectors rather than scalars. Since we have nct yet
discussed the nature of work, energy and power in this respeci, we shall
continue to use scalar quantiries like speed.)

Thus, if 4d/At means speed, then the power equation can very well
be written: '

P = Fv
in which v = speed and replaces Ad/Ax.
Let's return to the problem: The motor is rated ar .0.0 kw and is
to raise a load of 2.75 x 10% kg. How fast will the lcad go up? (The speed
is to be given 'in mete:s per minute.)
Can you work this without further Help? Try it. Take your time

and be careful with units. '/rite out your whole sclution; then follow out
sclution as presented when vou turn to page 89.
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YOUR ANSWER --- A
No, it is not.

Work 1s a scalar quantity; time is a scalar quantity. Power =
werk/time or scalar/scalar. Although we have never explicitly said so, it
should be obvious that one cannot hope for a vector quantity to emerge from

a division of one scalar by another. Where would the direction-factor have
its source? h

We know this: A vector multiplied or divided by a scalar yields a

vector quantity. For example: v = Ad/At; also F = ma. To this we can add:
A scalay multiplied or divided by another scalar yields a scaiar quantity.

Please return to page 125 and choose the alternative answer.
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YOUR ANSWER --- B

We consider this answer a mechanical blunder. We are certain you
know that the foot-pound would never be a unit for any physical quantity in
the MKS system.

So, return to page 132, please, and choose the right answer.’

w——_ e e e -
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YOUR ANSWER —---~ B

Good' The kineﬁic energy 1s obtained from:

2 ‘ a4 ; 2
K.E. = m; - 1,00 kg x2i908 m/sec) - 48.0 joules-

Now let's see where we stand. We found that after 1.00 sec of free
fall, the potential energy of the ball had decreased trom its initial value of
432 joul®s to a new value of 384 joulesa (Remember? You wrote the new
value tor late: use.; :

Next, we calculated the kinetic energy of the ball after :.00 sec of
free fall, 48.0 jouies.

S¢ the baii has at this time

384 joules of P.E. and
48.0 joules of K.E.

The total energy of the-ball is thus distributed between its potential
and kinetic energies. But, what 1s most ilmportant, its total energy is still
432 joules because 384 + 48 0 f.Q32 Whenever this experiment is performed
under nearly ideal conditions, the same 1important fact results.

During a conversion from P.E. to K.E., or vice versa, how is the
energy always distributed?

{27)
A The P.E. is normally greater than the K.E.

B The total energy is the sum of the instantaneous values cf the P.E.
. and K.E, ‘

C The residual P.E. after time t is the sum of the total energy and
the K.E, at that instant.
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YOUR ANSWER --- C

Vertical distance has played an important role throughout our develop-
ment of the concepts of work and energy. The very definition of potential
energy involves a '"height'" factor. So "height" or vertical distance 1is not
new to us in the concepts of work and energy. ’

Please return to page 24 and pick a better answer.




YOUR ANSWER =~~~ B

Very good: To solve this, you must xemember that the conditions atze
ideal, and that all of the work done by the boy goes into developing the
kinetic energy of the cart. So, the work done is:

{W = Fd) W = 64 nt x d meters
The energy the cart has when the force stops acting is
(K.E. = tmv?) R.E. = /2 kg X (4.0 m/sec)?
Z

Since all of the work turns into kinetic energy, then W and K.E. may
be equated and we have:

64 nt %X d metexs = 72 kg x (4.0 m/sec)z
-2

- 12 kg x 16 m?/sec?
2 x 64 nt

d=9,0m,

d

Please turn to page 183 in the blue appendix.




Now let's tonsider ancther facet of the ene: ioneept -
BY P
.00 m

2

BT C

3 00im bhELE

A\/

5.00 kg

Filgure 7

Y

As shown in Figure 7, a 5,00-kg block is raised fxom the flooi to &
shelf 3.00 m high by moving it vertically a distance ct 3.00 m and then
horizontally a distance cf 1.00 m to the shelf. How much work is done on
the block over path AB, from the floor vertically upward to sheiil level!

(16)

A No work is done.
‘B 15.0 joudes.

C 147 joules.

None of rhe above answers is correct.



YOUR ANSWER =--- C

- You are correct. The kinetic energv is:

' K.E. = mv2 _ 4.0 x 10_3 kg x (7.0 x 102 m/sec)2

2 2

_ 4.0 % 1073 kg x 49 x 104 mzisec2
2

!

980 joules
Here's another problem you can solve. (COPY IT.)

A 20~kg sctone is dropped from a certain height and strikes the ground
with a speed of 12 m/sec. From what height was it dropped?

Think about this problem for a2 f w minutes. You are told the mass
of the stone and its velocity whea it rr-aches ground ievel. Which of the
following is most conveniently determined from this data?

(22)

A The work done in raising the stone to the height from which it
tinally tfalls. '

B The kinetic energy of the stone when it reaches ground level.

C The potential energy of the stone.
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YOUR ANSWER -—-- C
Think what this would impiy if 1t were true!

It means that the vesiduzl P.E. would be greater than the zotal eneigy
of the system by an amocunt equal to the K.E. at the vime. This is impossible,
of course, It's like saying that a wedge cut out of a perfectly uniform
apple pie is heavier than the whole pie! Or that a dime weighs mcre han
a pocketful of dimes!

Theze 1s a better answer available. Please return tc page 16/ and
select. it. )



YOUR ANSWER ~-- C
Let's straighten this out.

Work is the product of a force and the distance that this force causes
something to move. That is, W = Fd. The phrase "the distance that this
force causes something to move'" should give you the clue necessary to answer
the question. We agree that F does work because it causes the block to move
horizontally over 0.70 meters, resulting in a work of 2.5 nt.

Does Fr cause anything to move? This force is a reaction force

springing from the weight of the block. It holds the biock in vertical
equilibrium. In that case, how much work does Fp do?

Please return to page 99 and seleuc one of the other answers.
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YOUR ANSWER --- A
Not this one! The equation for work is in item 1(b).

. Are you letting your notebock become sloppy? If you're poing tc make
prcgress, you have to keep your notes neat and in order.

Please return to page 138 and thcose another aunswer.
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YOUR ANSWER --- B

Of course._ Ail freely taliing bodies have the same acceleration,
namely, 9.8 m;sec? in rthe MKS system.

S0, certainly; this need not be determined.

Go back to the original question by turning to page 157 now, and
think it over once again.
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“0UR ANSWER --- C

A livtlie more thought on your part would demonsiiate foriibly the
errorY in this answer.

If you say that the magnitude of mgh' 1s greater than that ¢i mgh,
you. ave saying that at rhe ¢ompletion of the tirst swing ¢i the pend...m,
rhere is more rotal energy in the system :anan there was 4t the stary  Ir
\ other wcrds, you are saying that the pendulum 1s somehow lieating eneigy ool

of nothing. If this actually c<culd havpen, what a ditferent wo:id this woaid
be. We could set up pendulums wherever -equired as sctrces ¢ LBy Bl
iongey wou:d we need petroleum, <cat, ¢: atcmic enmergy. Culs weuic be =
mizacuicus, pendulum-operated .iviizzaticnm!

The Principle of Energy Conservation 1S OIten staite€a in [heése le.ms:
Enzrgy .an neither be created no: destioyed; it can onty be whehped in
fcim. Although this statement ieaves much to be desired, it 15 essentiaily
true,

So, at the end of the first swing--¢or any swing--the energy conten:
of the bob of the pendulum can be nc greéater than it was at the beginning
of the swing.

Please return tc page 8L ana seilec¢ a more suirabié response.

ERIC

Aruitoxt provided by Eic:



YOUR ANSWER —-~- B

Almest, but not quite. Perhaps you noted that the units given were
pounds and feet, but thought thac work must always be expressed in joules.
The principle of work as the product of force times distance in the direction
of ihe force is unchanged. However, there is no single word in the English

system for 'joule' in the MKS system. You should be able tc select the
right answer now. ' : .

Please return to page 87 and choose again.
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YOUR ANSWER --- »
Well, iet's see,

From the definition of power we have:
P =Wt

We want to determine work, =o we'il so ve this tor W:
W = Pt

The power 1s 500 watts and the time i1s 1 minute. Since a Wwait 1s
a joulessecont, we can substirute )/sec ror watts so that:

W = 500 j/sec x 1 minute.

Note that the time units are different so that you cannot cancel them
and come out with joules as the unit of your answer.

Please return to page 121. T"ink this out; then make ancther .selection.

O

ERIC

Aruitoxt provided by Eic:



YOUR ANSWER —-—- D

One of the answers 1is correct.

You may have made a mistake in arithmetic. Repeat the sciuticn; you
can determine the right answer. Remember that weight is a force, not a
mass.

Please return to page 170 and try again.
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This page has been inserted to maintain continuity of text. 1t is
not intended to convey lesson information.

o

ERIC

Aruitex: provided by Eric
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LESSON 22 | WORKSEEET -~ Tape Segment i
Pieage listen to Tépe Segment . for Lesson 12 before stari-
ing to answer the questions beiow
Data ftem As In Newton's Scbonﬂ Laws F = kma, kK = 1 and is

- dimensionisss. . : mn. m2 .
In the Law c¢f Gravitation, F = G ==z% . (- 1is
che proporiicnailty constante T
Here, ¥ is not equal to 1, nor is it dimen-
iesse
QUESTIONS
ie Which one of the. foliowing is the correct unit for
work in the MKS system? :
' .
A the kilogram-meter
B the meter-newton squared -
C the newton
D the _newton-meter
E  newton per meter
2e Which one of the following is the defining equati ..
~for the physical quantity we call work?
A W = kPFd
B W = kmg
C W = KF/d
D W = kma
E W = de,«’m
3¢ In the defining equation for work, the proporticnaiity

constant k may be set equai to unity (1} because

work turyns ouc to be a scalar quantitya.

B work turns out to be a vector quantitye

C we have not yet defined a unit or work so
that we may now define 1t in terms of unit
force and unit distance,

D the constant of proportiocnality in & linear
equat on 1ike the one which defineq work
is always unity.

E - the defining equation for work does né{ con-
tain a fractionai term, hence k must equal
equal unit to keep the units correct,

Please return to page 119 of the STUDY GUIDE.
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 Piease listen to Tape Segment 2 for Lesson 12 before stari-

AMP LESSON .2 82 Tape S
WORKSHEET

£ )

ing to answer the questions below,
-

Tiem A Refer to the d.agram DLE__.wWo

A av X s o

oc

Da.

QUESTIONS
s Assume "net & Ln :hn
diagoam 18 3] dngr
/"5-’“ arna tnat F o= . ng
. v : . the b.cik 48 & -sed
, .. Y : to move 3.,C m i1 the
A- —ppd — oo~ direciicn ¢r do niw
et muzt w.rk 'q aca=?
{The approgimate g4 .-
tes of some of thne
commorn Lrigenlmenil ol

fua.tlons are ghven in Data Them B,

PR

A 16,8 joules
B 63 joules
C 7.0 joules
D 50 joules
E 56 joulss
8 If the work in a hor.zontal direction resu.ts in cone
stant veloc:ity of tne bilock. tnen .. of the woerk s
A beLng gone againgt gravity.
B being doene against the veritica,. womkunens of
gravitye.
c being done agalinst the horizonta. o mpone
ent of gravity.
D being done against the force of frictliche
E going into increasing the Kinetllc snergy
of the blocks :
6. The magn!tude of the veriical compcnent of F ‘2. ni) is
A 2,1 nt - B 0.6 nt C i.> ns
Data Iten Biey, D 48 nt- E 13 no
3 - oo e 7 e 8 A R et et
o) ) _
30 37 45° 53° 60°
sin (.50 0.60 0,71 0,8C CoB7
CcoSs 098? 0.80 Oo?l . 0960 Cn SU
tat Cs 58 ) 0075 1.00 :.033 _‘.973

Please return to page 87 of the STUTY GUIDE
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AMP LESSON .2 RO Tape Segme:in -
| WORKSHEET

\
A c o
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e 5= N PewE A.. 1.6 QuES--
r

LS oon o wnls
PATH WITKE1ee L I'ee

s - s a“. re
‘ o' = | . -
2 A -
ey | Aoles  Ghasvam aq
/ //, 3 e i vi‘ z o
/

QUESTIONS

a..y resting on the rriscicne-

10, Suppose the biocecx .8 ini-:
2 Ae The work then requ.rea %o
B

less horizonta. tab.e a
move the bio<k frm A ¢

.5
A more Lnan ©o .. . B .ess trian ol ,  but
muI'e tnan 47 e

C €83 tnan 435 D -288 tnan .> ! bu-
DLt more tnan mere whan < e

2o Whn.cr. one ¢f the fL..0W.nx 3IT&eMents .o . oh.V ["&.&w=
vant tc this examp.e bu' 'S a.So va,.:a7

top of *this v.ane w.u:d de &5 Cu. .Se

B The wor: done in :.fting a i5 nt weigtr." v
the top <f any 3:4:5 p.ane 1s &9 uu.eSe

C The pctert . &a. snergy a.ju.read Dy a g.ven
mass ra.sed tc a g.ven height .s the sane
regard.ess ¢t Lhe path taken t. tnis he’ghit,

D The Ko.Ee acquired by tne b..:cK s..ding up
the p.ane was equa. o the K¢E, acgquired
while go'ng s*ralgri. UL

E If the ang.e uf tne p.ane were .n.reased by
shortening AC ara AB. mc¢re work wou.d be

Q required o si.ide the blutk up te Co
ERIC PLEASE RETURN NOW TO0 PAGE 55 OF THE STUDY GUIDE,
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PLEASE RETURN NOW TO PAGE .35 OF THE STUDY ZUIDE,
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